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.  . PREiiCE. ’ .I ’

.

I

This is the third in a periodic series of reports issued by the MetropoUt& Planning -
. .

* 9 Division, Federal Highway AdminiStration. .The three reports’in  this iss’ue focus on two.. distinct topics: analysis issues faced in small/medium sized urban aieas and cost .
8 analysis.

. ., .

The first report discusses the analysis needs of small- and medium sire urban .areas b
. . as they attempt to meet the requirements of lSi%A ‘and the 1990 Clean Air Act. .-Amendments.  This report explains the rationale for new te’chnical  capabilities andttien .

etiplains’  how these new capabilities my s be developed. A number of ~-topics are.
discussed including ‘the folIokin& multimodaf demand analysis, land. use, social and ..
environmental impacts, time-of-day analysis, and post processing for ‘speeds.. .

The second repoit describes the use of the Delphi process in projecting the,allocation,
of growth in urban areas., . The report. is based on a case study of an appkation of
the. process in a small urban area in*.Texas.  This same process could be used in

. other urban areas, however its application is most appropriate in ‘urban areas with’ a. .
. ’ popul;ition .of 200,000 or less.

.
* + *.. . .

. \

. . The third report provides assistance to those torying to evaluate transportation .
I*I alternatives, across modes by describing the process for performing a‘ least cost

. 1 analysis  of investment alternatives. The method described is ,a tool for performing an .
analysis from a societal point of view using a common measure (i.e. total cost) in arl - -

l

. .

attempt to account for the full c&t of eadh alternative. This methodology is applicable * -
for several different categories of altematik hcluding both infrastructure development
and systems management solutions. * - *. ..
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. - - . ’ TMNSP~RTATI~NANALYSIS NEEDS ’. . .. ‘FOR SMALL AND MEDIUM SIZED b-AN AREAS . 1
.. Patrick DeCorla-Souza, AICP *. I0. .I/ Feder&Highway Administration .

. .

3 INTRODUCTION - .

.
Many small ‘urban are& ho not currently have four-step Iravel demand’ models, and may not ’
need to develop full-blown four-step models. A good traffic monitoring program 1

1 sup$lemented by manUa1 analysis techniques for demand analysis may. be all that is needed,
in many cases; or a simple demand modeling computer package, such as QRS II, may be 4
adequate. This paper focuses on those areas which currently have four-step models, or are

. required to have them because of air quality. conformity requirements..
.

When travel models -were first *developed in the 195@,  their pur@ose  was to provide -a means
to evaluate major highway and transit investments and trmportation  system plans. Only ’
a cr&e level of accuracy of forecasts was necessary.. Today, .however,  these models are

’being called upon to evaluate, in addition,, demand management policy impacts as well as
. pollutant emissions impacts.. . These ’ uses require -a -fmer level of accuracy as well, as .

’sensitkity to new variables which werenot  incorporated into the models of most small and.
medium sized urban areas which currently have models.,

. The expansion of the role of travel models has resulted primarily from mandates inthe
: Clean Air Act Amendments (CAAA)  of 1990  and the Intermodal Surface Transportation

Efficiency Act (ISTEA) of 1991.  Conformity regulkions issued in -November 1993 pursuant
: ’

to the. CAAA -have”spelled out certain “standards” that travel models are required to meet. . -
for conformity analyses. Pkmiing and Congestion Makgement  regulations also issued’ in
the ,Fail of 1993 purktant to the- ISTEA will require many (not zill) urban areas to develop -, -

. enhanced modeling and technical analysis ‘capabilities to ‘address multimodal evaluation’ .
. issues, as well as issues relating to land use and de&and  managenient and evaluation of.. .

social,. environmental and economic impacts of transportation alternatives.’ b e. .
. . . ,

This paper discusses #“the issues which impact analysis needs in small and medium sized
.- urban areas and explains the rationale for new technical capabihties.  ’ It ,then discusses how $’.
these new capabilities may be developed in. small and medim sized urban areas. Urban
areas which a& designated as nonattainment areas for ozone or carbon monoxide’ in serious .
or above categoiies  wiII need to develop enhanced travel modeling capabilities by January .
1, 1995.  Transportation .- Management ’ keas (TkLAs)  ’ will also need to develop enhanced
capabilities for evaluating congestion management strategies. Urban areas which are not

TMAs  or serious or above nonattainment areas will also need enhanced analysis capabilities
to address multimodal evaluation mandates in the ISTEA.

. . ; .. . .* . 1 . i., .. . .
l .

.
4 l
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:

This paper’ is organized as follows: First issues stemming from the’ ISTEA are discussed.
along with their implications for travel demand analysis  :and imp&t estimation. Next, issues
stemming from the conformity rules are discussed  along with appropriate responses from

:small’ and medium-sized urban areas subject to the rule. The paper *concludes  with a \
.. . .. sumary of technical assistance  and training available from FHWA to as&St urban areas in \.. developing appropriate analysis  capabilities.

ISTEAISSUES . .’ , /
.

l
l

.

There are no modeling requirements in the ISTEA or its related regulatibns. However, the
many requirements relating to evaluation have * implications for the level of sophistication
‘of the travel demand forecasting process, while the requirements for public involvement
have implications for the level of transparency of t& models to assure that the public canI .
understand how they work: Small and, medium sized urban a&s may n&d to enhance the -. .

. level of sophistication of .their analysis procedures to address multimodal evaluation issues,
as well as land use, social; environmental, and ecotiomic issues which are emphasized ,: ‘in the
ISTEA, v;hile at the 3 same time, assvring  that th6 new sophisiicated  procedures remain.

. transparent. . L.. _ . .. .. I - II. ..
- Multimodal Demand Analysis ..

.

Multimodal, intermodal and cross-modal evaluation we emphasized througho& the ISTEA.
The Act seeks to develop the most “efficient” mix of modal investments compatible with

- .social,  environmental and ecoriomic goals, and to reduce dependence on single-occupant
:vehjcle (SOV) travel. Thus, measures of &nsportation system perform&e and. levels of
s&ice,  hitherto geared primarily towards highw& travel in small and medium sized urban.

,

areas, will have cd reflect all, modes.. ..
\ ,

Does this mean that travel demand modeis  will also have to reflect all modes -- including :
transit, hicycle and pedestrian, which ,have usually been excluded fiorn the models? ‘Not ’ ’ ,
necetiarily. The answer depends on how signifimt a role these modes are mticipated  to
have in future transportation systems. Even if a significant role is anticipated, there will be
options relating to how these modes will be incorporated tit0 tie four-step procegs. For:

” example, trip generation could be Diane by mode; or alternatively, person trips by all. modes -
could be genera’ted,  and then split into separate modes in the ‘mode split step. ‘_

If person trips are generated @ring trip generation, possible ways to address’ this &sue are:
. . .

1 . Use ,“off-model” software, i.e; s&ware outside Be four-step model, such as’ FHWA’s
TDM software (1_),  to obtain change5 in base mode shares due tcl specific pricing or

L
.

transit strategies. .For example, FHWA’s  TDM  software accepts ‘as input,  trip tables
.. from commercial demand modeling packages, and outputs - modified trip tables for. * .I . I I, I

. l
.

2

. . l
-.
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.

.

-input  into trip assignment. The . TDM model uses a logit-based pivot point. procedure. - . .

,2 . . . Borrow a mode’ choice model from, a similar urban area and validate it. The ...
l *. NCHRP * Report No. 187 update (2) will include “s@ndard”  model ‘coefficients  for in- a. I.

Vehicle  time, out-of-vehicle time
size urban areas after validation.
develop new transit networks to

3 . Use sketch planning procedures.

atid cost which may be. u’sed in small and medium
However, considerable effort would be needed to

-estimate the time and cost inputs.

.A recent pubiicatitin of the Washington Metropolitan Council of Governments (3, which
will be distributed by FIIWA, presents examples of application of off-model software, mode
choice modeling,. and sketch planning techniques to analyze the travel behavior’ impacts of -.
various types of multimodal strategies. * FH’WA is also developing an Advanced :
Transportation Systems Analysis course to address issues relating to demand analysis for
multimodal systems. . s ., .’ . \ * ..

. Land U s e \...
.

.

Consistency between land ‘use and transportation plans - is required under the, ISTEA. The
, most sophisticated way to address the issue is to develop  and calibrate linked transportation-’

land use models, such as DRAMEMPAL, ITLUP, ,MEPLAN  and POLE. These models
l.I forecast “the likely location of future employment and population growth based on changes. .

. , in accessibility as *well as other zonal attributes tich as available vacant land and zoning. .
However, significant .effort is needed- to collect d&a and calibrate such models, and their,
predictive abilities * are questionable. Therefore, such . models would ,generally  be. I

, inappropriate for small and medium .sized  urban areas..
.

* s . ’. .

Small and medium sized urban areas may. use simpler approaches to address this issue. For
example, they may simply compare changes in district-level accessibility indices with growth
fore&s, to ensure that districts with relatively large increases in accessibility have been *
allocated a larger share of future regional residential .or .employmtint growth. A fairly.
‘simple way to check .whether zonal employment gro& estimates are reasonable is ‘to run
the gravity model for one iteration (instead ofthe three iterations normally specified), and,’
review the comparison  of trips attracted to input trip attractions.. For zones with too large
an imbalance, the in’nbalance  may indicate’ that employment projections (and development . .
forecasts) need adjustment. .

One issue,  relating to land ti is the contention that if urban &as are to reduce
dependence on SOV travel and encourage alternative modes, the key to the successful.. achievement of. such goals will be compatible development patterns. The implication for .2 . ... - . .- , . .- . . 1 -

l . .. .. 3.. . .
.
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.
travel’ demand models is ’ c’lear... . The model. forecasts will need . to be ‘sensitive to ’

development patterns such as density, pedestrian and bicycle friendliness, and land use mix. ’ ..
TMs will pose a challenge to small and niedium size urban areas, because except for studies.

. in a few urban areas, S&h as Portland’s LUTIUQ  study (4); such &odel.s have not been.. *
used in the US. If major changes. in future’ land use patterns are proposed for evaluation
iri small and medium sized areas, kip gerieration rates will need to be- reviewed and
adjusted, at least to refledt density impacts. . .

. .

. .,.. . .

.

.- . . ” Social Impacts. I ...
*. The ISTEA. encourages use of transportation policies to help achieve social .goals. A major

target group, identified on page 1 of the ISTEA, is the economically disadvantaged. This; *
group has been locked out of access to new jobs which have been primarily -created.  in auto-
dependent subuibs in the last two decades. There is, a debate as to whether this problem -
should be addressed simply by providing more transportation services from central par&of .
urban areas  (where the majority of this- group live) to the suburbs; or whether transportation ’
and other public policies should be used to’ encourage shift *of job gro@ to central cities. Iand inner suburbs. l .

. . .
- .

There are implications for travel demand and land use modeling a procedures.- Models mayI

.

need L to provide measures of accessibility to jobs and other social services for such groups. ..
’ fiistorically,.  the d&nominator of the gravity model has ‘,frequently served as * an index of

accessibility of individual zones.I A 1972 report by FHWA (5) discusses the use .of this
criterions’  as an evaluation measure and provides examples..

Analysis procedures may also -need to consider. the impact of transportation investments on I.
. - thea continuing flight of jobs to the suburbs and further decline’ of central cities. This will. not be easy, since job location patterns depend on many more factors than just’ ’

transportation. For. example, Leiriberger  (6) suggests that Sea& moved its headqutiers
’-. from’ downtown Chicago ‘to the outer suburbs to get away from what it perceived as. a less

productive ’ central city labor’ force.. Such problems cannot be solved solely I tl&ugh *
. transportation *policies, butt transportation ‘policies and their potential contribution must be

included ‘in the comprehensive planning process to address such issues. - FHWA has.
therefore initiated a -major research program to demonstrate tiansportation’s role in * .
address’mg  the issue of access to jobs for the economically disadvantaged, and’ technical -

assistance and training related to this issue will follow.
.

--\ . .I
Other social impacts, for example impacts on neighborhood cohesion, aesthetics, sense of

. . place, -livability and quality ‘of life are not easily l derived Tom ’ travel model outputs.
Qualitative assessments of these impacts is all that may be.expected  in small and medium1
sized urban. areas. *.

. .. ..
.
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.. .. \ \

. * \ Environmental Impacts ’ ’
- :

3 .. . . .

, The ISTEA mandates the ,assessment- of both Indirect and indirect” impaCts of transportation.

7 .

. investments. The issue ‘arises from the increasing concern about the external .environmentaI
. , costs of highways and vehicle use. Many indirect costs such as air, noise, water and iand.

pollution costs, or loss of natural ‘or historical resources; are hot borne. by vehicle users.
’Jncertain future impacts, such as climate change, are also a concern.

. These issues imply that environmental considerations must be included early in the planning. . _ process, before and during. development of transportation alternatives;. and not “after the
“lines are drawn on paper” or aftei transportation solutions are “cast in concrete”, simply. to’ .

. consider mitigation of negative impacts of pre-selected  alternatives .’\
.

To allow ’ the computation of many types of- environmental impacts, travel analysis
procedties  . will need to be enhanced to provide more accurate speed estimates. Models used

. in most’  small and medium sized urban areas have been calibrated to provide good estimates -.
of traffic volumes, but not vehicle speeds. Accurate speeds are needed to estimAte  *.
emissions, energy use, and other environmental consequences of alternative transportation

.

. plans, -programs and projects. FHWA has developed ,a new course entitled “Estimating the .
.  . Impacts of Transportation Alternatives” which will provide the tools needed by urban areas\

to perform “sketch
corridor or subarea

planning” type impact analysis for regional system studies’ as ’ well as,
studies. .

.
t .

. Economic Impacts
.

. .. The ISTEA’s theme of. “efficiency” is reflected throughout the ,legislation. (The, “E” inI
-. ISTEA stands for Efficient);). The concern is that the U.S. cannot maintain competitiveness.

in an international marketplace if its transportation * system is inefficient; therefore *
. inefficiencies such & congestion and inefficient use of limited road space during peak trayei

. I *p&ds should be addressed in transportation plti and programs. . . ..
..

.

. ..
Ti=an@ortation  Management Areas (TMAs)  & 1 well as ‘smaller urban areas’  which project
congestion ‘in the &re due to limitations of available funding to provide additional peak -
period capacity. will need to, consider. congestion management I strategies. . . This means that
they will have to upgrade their analysis’ procedures (either four-step, off-model or sketch
planning procedures) .to.provide the capability to forecast the impacts of strategies such & \
congestion pricing, parking pr&ing, TDM-  and TSM strategies, and land use strategies

.

designed to m&e travel more efficient.,e
. .. .

.
FHWA is attempting to develop the types of took and training programs that i&l be needed
to address these concerns.., For example, FHWA’s forthcoming course “Advanced

’Ttiportation  Systems Analysis” will provide training in ,development  of forecasting tools,
. while the new course “Estimating .th& Impacts of Transportation Alternatives’ will provide . 5. .

a - . . .
.

.

.

*

.

I .

. .
.. .



the tools which urban areas will need to evaluate the costs, benefits,  and economic’  efficiencv
&pacts of such strategies. Another new FHWA course “Congestiori Management fdr

Technical Staff” provides tools to evaluate. and monitor the impacts of *congestion
management ,strategies: * I

s
:

,
.

1

.

The ISTEA .also calls for evaluation of economic development impacts.  -Since economid
development depends on I
difficult ;o estimate at a loca

. as ‘input-output ,modek are
Qualitative assessmtints  of
should suffke.  .

lany factors other than transportation, such ‘impacts Will be
ized level: Regional economic impact analysis procedures such
too complex for most small and medium sized urban areas.
the relaEive  differeices  in economic impticts df alternatives. . .. . . .

- - .

SOV R&rictions

In urban areas .which are in non-attainment status for air quality,. the ISTEA imposes
restrictions on the provision 0-k new highway capacity which may be used by SOVs. Such

I new capacity may not be built unless it comes from a Congestion Management System,
’ under which a host of management strategies will need to be considered.

,
*_

.
This implies &at the t&e1 demand analysis procecks  in non-attainment areas will need

e. to be capable .‘of evaluating land Use,  TDM,  TSM and pricing strategies. . iis discussed
earlier undec “Multimodal Demand Analysis”, the four-step process -or off-model procedures
may be used -for such analysis. .

’ * . I \

coNFoRMrrYIssuEs : . ..
.

: In serious and above nonattainmerit  areas, the conformity rules either require or “‘encourage”
.. many model features. that are not currently employed in the forecasting processes of most

small or medium sked urban areas.
subsections.

These fatures -&k discussed in the .foll6wing ’ k. .. :. . * .. :.
.. / .

..
Trip Generation ,. .

.. .. . ..
Sensitivity of trip attraction and production rates .to measures of zonal accessibility is
“strongly encouraged” by ‘the. rules. * This issue most likely stems f&n the contention that
congestion will have a dampening effect on trip making -- therefore a “io-builds  scenario. ’ .
should have less trips (and emissions) than current models predict, while “build”:‘scenarios
should have more. ,

, ..

One “‘sophisticated” way to achieve sensitivity of household trip production rates to
accessibility is to develop regression models based’ on zonal  accessibility for each cell of the

. 6,.
. ..

.

.
. . .

*

. ,
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. trip production cro&clas&ation matrix.. Developing such relationships . will involve
’ excessive new data collection and model calibration. In small. and medium sized urban
areas, a ’ simpler approach could be used. -

.
F o r  example, trip rates could be ‘developed

. separately by urban de&y category or by location (i.e. central City, suburb-, and rural fringe)
. as a surrogate for .zonal accessibility. ’ If severe congestion is forecasted, a quantitative

assessment of ‘any impact on trip rates may’ be needed. . ’ *

.
Trio Distribution -*. .

. * .
l The conformity rules require travel times, used in trip diWbution  . to be consistent with. ‘.
travel times resulting from trip assignment. Congestion, it is beheved, will cause’ trips. to be
sent to closer destinatioti. ’ Thus, in a “no-build” scenario, travel distances (and therefore
VMT) will be less than in a “build” scenario. Iniplementing this feature in the forecasting
Drocess will pose two main questions: . . .

1 .

2 .

.\

- I
How should congested travel times, which ocair mainly during peak periods, be u&d

.
I

to distribute dailv trips - the majority of which actually occur in off-peak periods?,

Travel times output .by traffc assignment are not true travel times,. but actually .
“impedances’ which are based on speed inputs adjusted during model. calibration . to
obtain a better match of assigned volumes to counts; Should these “impkiances” be.
compared with travel times used. in trip distribution? . . Or .would  it be more
appropriate to fwt calculate “true” congested travel times based on speed-volume
tielationships  and the assigned vehicle volumes? ..*

. Clearly,. the questions raised above. will need to be resolved before urban tieas venture. to * ..
- iaiglement  the requtiement  for travel time consistency between trip distribution inputs and’ ..

traffic assignment outputs. FHWA is currently undertaking research to develop appropriate. . .. .
te&ni+es. -

. . .
. . . . .. I ‘.

.. . . l
.�

\. .
. . The conformity rule also requires sensitivity of the trip distribution model to pricing under ‘*

. certani COnditions.  . A s&ple way to introduce such sensitivity would be .to add the time -..
equivalent of tolls,  and parking charges (with value of time based on some percentage of I9It .

. average wage rates) to the travel time matrix used. as input into trip distribution. Note that
recalibration of f&tion fa&s would be-needed, as well as data on average parking. costs

, .by zone. In u&an a& where parking pricing or road pricing strategies will be considered,
the em effort mziy be justified. ,

. .

Mode Snlit ’ .

The conformity rule (suggests that mode split models should be sensitive to pricing and
I . transit travel times, ‘where significant *&it ‘or pricing strategies are anticipated. In many

.
. .. . .. .

7 . . ... . .
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.

.

. .. . /
small and medium sized urban areas, this will pose a problem,  , since  ‘trips are either

‘* generated as vehicle trips SO that’. a. mode *split step is not ne&ed, or person trips generated .... during trip generation are split by mode -in the mode ‘split step using base year percentages,
and auto person trips. &e converted. to vehicle irips using base *year auto occupancies.I .. .
To ‘address  this issue, mode split models could be upgraded either based on a mode choice *
model borrowed from another urban area or from. the NCHRP Repoi-t No. 187 update (z),

under the section “Multimodal Demahd ’ -. .
generated during trip generation.. .

or using “off-model” procedures as discussed  earlier
Analysis”. Of course, person trips @ill need to be

. .
Traffic Assignment.

.
. ,.

. The conformity rule requires that input fkee flow speeds be based on empiiical observations..
. . The contention is that many urban tieas use posted speeds as inputs instead of observed ’ -

free flow speeds. They therefore often underestimate these. speeds since speed limits *are
often exceeded by motorists.. Lower speeds will tend to underestimate NOx emissions, and
on high speed facilities, HC and CO emissions as well. ’ .

. Addressing this conformity requirement appears simple. It appears that ‘.a11  that is required
is to recode the network speeds to match sampled. observed free flow speeds on .various
facility classes. However) such recoding could result -in major shifts in assigned, traffic

I volu&es  so that they no longer match @hind counts. This is because free flow -speed ‘inputs.
are often adjusted by modelers during model calibration simply to. get a. better . match of
assigned volumes to ground counts. In other words, free flow speeds usedas  input in many

. assignment models are not meant to be accurate speeds but .only calibrated “impedance”. .
parameters.  .* . ..

.. . . ..

. -. . * Perhaps a simple way to address this- issue is through post-processing. of assigned traffic
* volumes using “accurate” speed-volume relationships . -to get better speed estimates. Post.

pocessing  is’ discussed .in a. later se&ion. .. . ,.., : .. . ..
Time-of-Day (T-0-D) A&his ’ . *.

. . .- The conformity rule requires models to
time estimates. There *appear to be

provide peak. and off-peak travel demand and travel,
three relevant impacts of T-O-D analysis. First.,

A

. emissions models predict higher eniissions  at the low and the high ends of the speed range;
therefore sep&ate  . peak and off peak speeds should generate higher modeled emissions than.

. a composite peak/off-peak speed. Second, a “no-build” scenario might show less congestion
and emissions if the time-of-day analysis procedure incorporates peak spreading effects. In

’ other words, under  a “no-build” scenario for which peak spreading is modeled, estimated
peak speeds may not ,be as low, and high -offpeak speeds hy be .moderated,’  reducing

.. relative emissions. A third reason, for time-of-day analysis arises .fiom the need to
. .

I

.
.

.
b
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. . ..:
adequately model shifts in xime .of travel that coi;lld result from  pricing strategies..a

A d d r e s s i n g  the time-of-day analysis  requirement
I

’will not be easy, if congestion and pricing

, influences’ are to be considered. The range of options is as follows: ,
. . \; ... 1 . Continue the current practice in most urban areas of using fiiiied T-.0-D factors by. link category which convert daily traffic volumes to peak period or off-peak volumes, -

with no attempt to, dampen- peaks to account for higher levels of congestion or riew
pricing policies. This technique .may be appropriate if forecasted increases in
congestion are not large. . . .

. .
. 2 .

l
Use the above procedure, ,but vary factors to account for congestion levels andjor

I pricing. Account for peak spreading due to congestion using relationships of the-
. distribution of hourly’ traffic percentages to MDT/C ratios (13). This technique

. may be appropriate if forecasted increases in congestion are large. I..

3 . . Perform time-ofday splits in earlier steps of the four-step process, as is currently
done in a few large urban areas.. Using observed ti&edof-day splits from home
interview surveys, da’ilytrips maybe split into A.M.,P.M.  and of&peak trips either:
(a) prior to trip distribution (i.e. daily trip ends are split); (b) prior to mode choice ’

’ (Le. person *trip -tables are split; or (c) prior to traffic assignment. (i.e. vehicle trip’
., tables are’ split.) To validate the assigned volumes, traffic counts by time-of-day are l

.- needed. Also, since factors used *are develop&d from base year data, they may not
reflect changes in time of t&e1 in the future as a result of congestion. Due to its :

complexity and its data requirements (both travel survey and count data by time-of- I*
day), this type of procedure is probably not practical in most smail and medium sized. .. u rban areas . ,.. .. ,.

4 . Use the procedures discussed *in item 3, but instead of using fixed ‘splits based on
base-year survey data,  develop procedures. to adjust thee splits based on congestion
levels and’ peak vs. off-peak’ monetary Costs. Greig Harvey’s TRIPS model (7) can . t .
accomplish such splits by time-of-day, but it does not inelude an assignment - .

: procedure,  and must be used in conjunction with a network model. for assignment.
The Montgomery County National Park and Planning Commission .has also

.. developed some complex procedures to model depaicure’ time choice (8):. Such-. -
produces are far too difkicult for small and medium sized urban areaS to.
implemek

Post Processine:  for Speeds

The conformity rules require estimates of traffic speeds and delays to be based on estimates
of traffic voknes  on network links. It appears that the
speeds. by functional class will not be acceptable, probably

. * . 9

common practice of averaging’.
because *average . speeds tend to.

.. . I
. .

.
8 Y. * . .  .

. . ,



.. . :. ...
be in the middk of the speed range where emission factors are lowest  ;ind not usually ‘verv* . .
sensitive to small differences in speed. . This requirement will need to be addressed -by post:
processing of link traffic volumes after assignment. There are* *many .options’  to accomplish ...
thrs

/.
l .

.

. .

.

’ _

.

. Perhaps the Simplest method to obtain peak and off-peak link speeds is to use relationships * ’
of daily traffic volumes over hourly capacity  (AADTK ratios) to speed -- both’  average daily
speed as well as speed by hour of the day. Relationships of AADT/C ratios to average -
daily speeds have. been developed by Margiotta et al . for FHWA 0.. The study . also
generated tables of hourly speeds for ADTK ratios ranging between 4 and 16 for freeways ’
and arterials, ‘based on a T-O-D distribution of traffic that did not vary with ADTK -
(unpublished . .data,  from Margiotta). In a continuing phase of \the . study, FHWA will
develop hourly speed tables based on T-O-D distributions that vary by time of day. This Will ’

\ allow development of weighted average speeds for both peak and off-peak periods. .
I \

More sophisticated approaches use Highway Capacity Manual (HCM)’ procedures with
default input parameters (e.g. signal -cycle lengths)  by functional class.  The EPA guidance I .’
(10) and Houston Galveston Area Council’s procedures (11) are good examples.A n
intermediate level of detail uses relationships of V/C ratids to highway level’ of service
(LOS) and LOS to, speed Tom look-up tables (12). .. 8 . *...

. .
Iand Use - .

.. . -.I .
.. . . . .

The cotiormity rules require that land use forecasts be consistent with future transportation
j systems. It is contended that expanded highway systems increase accessibility of

undeveloped -areas  on the fringes of. metropolitan areas, promoting sprawl. development* .
patterns and greater ’ dependence ’ on automobiles; “no&build”  scenarios, with their congestion
levels and reduced accessibility to fringe areas., promote’ *more compact development.. * - patterns with redzce’ci reliance on automobiles. Such differences in development patterns, :.
it is believed, should be reflected in the larid us&inputs  to the travel demand models for
alternative transportation  .

.
system scenarios. Procedures to determine - whether any.

.’ . ’ adjustments may be needed’ to land use inputi have been discussed earlier under the “Land . -
. Use” section relating to ISTEA issues.. .’. 0’

* ..
. ,.

FHWATRAININGCOSJRSES  ; ~ - ....

I - FHWA is attempting to play a leadership role in .addressing the’ various issues raised .by
ISTEA and the CM..  New trainiq courses be being d&eloped, and some are already .

’ available. This section provides a description, as of the’ date of the Conference, of the .
various courses sponsored by FHWA’s National Highway Institue (NHI) to assist urban
areas in developing their technical analysis capabilities. to address issues stemmi~@ from the
ISTEA and the CAAA. _ -

.

I .

. .

.

. .* . .* . .* , .. ... \ . . 10. . @w. .* I’. ,’* . *

. .. . . -



,

.’

. .

.b

.

.

w

.

.

l

.

8

, . Course N& 15259: Congestion Manaqement for Technical Staff - . I
Contact: Douglas ‘Iaird (202) 366r5972 l . . l

.

. . This three day course provides pbticipants with an h-depth examination of the elements
required to successfbll~ develop, implement, and operate a congestion management system
(CMS). Subjects will include: modes a n d  networks to monitor, the development of
performance measures, establishment of a data collection and performance monitoring plan,
identification and evaluation of CMS strategies, linking performance measures to CMS
strategies, -monitoring strategy effectiveness, ‘relationship to other management systems, and
documentation of the CMS. l The course is designed for staff responsible for CMS

l implementation and operation. c.,

. 15265: WorkshoD on Transportation-Air Oualitv ‘Analysis. .
Contact: Jerry Everett (202) 366-4079 . 8 ..

This two-day course empha&es  state-of-the-art practices fordeveloping travel- related. data
for mobile source’ emissions .inventories,  analyzing transportation : improvement programs and I
plans for conformity to smte  implementation plans (SIPS), forecasting and ‘&a&i@ vehicle
miles of travel ‘(WIT),  and evaluating transportation control measures (TCMs). Additional’
topics include procedures for analyzing accessibility changes’ using the four-step* travel ’ ’
demand forecasting (TDF) process, emission factor models, and travel demand forecasting* -
and :emission factor model t interactions. These procedures  will be’ demonstrated through
‘manual workshops. An understanding of the travel demand forecasting process -would be .
helpful for those taking this course.

- 15257: Estimating the Impacts ofTransportation  Alternatives (Available Fall 1994) *
Contact: Patrick DeCorla-Souza . (202) 366-4076. _. .. ‘.
This three day course will provide guidance on estimating costs, benefits and impacts .-for
evaluation of highway and mass transit alterxiatives  at the system level, as well -as for. . * l

’ screening ‘alternatives. at the ‘corridor/subarea and project levels. Topics to be covered
include estimation of-public &nd private costs;’ air pollutant emissions and concentitions; ’I

. energy. consumption; .safety/s&rity,  . economic development,. equity and other social and
environmental l impacts; and techniques for cost-benefit and -‘cost-effectiveness analysis.

’ Software for estimating impacts w*&‘be  introduced. through hands-on workshops. ’ ./
*

.
15260: Advanced Travel Demand Forecasting
(Available Spring 1995)

‘. Contact :  Patr ick DeCorla-Souza (202) 366-4076  ’ 0 I . .

.

. ..
.- __

This three-day course will emphasize advanced practices for system level modeling and ,.
analysis of travel demand nianagement (TDM)  and transportation control *medsures (TCMs).

. . It will include state-of-the-art procedures for land .use forecast&,  travel der&nd  modeling_ .. . , .
.. .. . , .

.
.

I . .
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.
bsing the four-step. process, and estimation.  of TDkVTCM  travkl impacts.  ’ Procedures will
be de-monstrtited  through hands-on computer workshotis.  6 understanding’ of the travei
demand ’ fdrecasting process is a prerequisite - for this course... . ‘9 . .

\

15263: Intermodal & Public TransDortation  Mariacement  Systems for Tech&al  staff (Listed
as: “Management Svstems for Techkal - Staff” in the NH1 Catal&)
Contact: Dane Ismart (202) 366-4071

l

This three-day. .coWse covers in detail the technical  guidelines and requirements for the
State development, establishment, and implementation of the intermodal management
system (IMS)  and {the public Wansportatiori  facilities.. and equipment management system

(PTMS).  * Discussion on the relationships. and integration with the other management :
. systems, especially the ‘congestion management system, will be included. Emphasis, will be

onunderstanding the basis for the IMS and P’TW,  performance measures and data needed
to assess. strategies, and methods to >successfully  design, implement, and administer the IMS -. - . .
and PTMS.. e

.
l .

CONCLUSIONS ’ .
. .

.

Most small and medium sized urban areas will need to enhance their technical analysis
capabilities to respond to ,ISTEA.’ -Serious and above non-attainment areas will need to
address specific modeling requirements in the conformity rules. FHWA is resp&iing to
these. needs by ‘providingtechnical assistance and training through existing and new MHI ..
c&es  on Congestion Management, Impact Estimation, Advanced Transportation  Systems
Analysis, Transportation&Air Quality Analysis and. Intermodal ‘and Public Transportation
Management Syste@s. ,.

. . .,’. . .
.
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\ ABsTmm, .. I

As’part of a project fund4 by the Tekas Department of Transport&n (TxD0T) to
examine methods of improving transportations  pknriing techniques, the n&&to decrease the

. burden on the planning staff in smaUer urban ,areas (populations less than 200,000)’  was
addressed. In many case& these ‘smaller areas may nO;t ha& ‘the-&axial  ‘or persomlel. resources to determine growth usir$ the’ traditional models or methods. An existingw \ technique  (the Delphi process) was modiEed to establish a procedure for”allocating .’

e projected grow&at the~zone level. A qyalitative measure of each zone’s grmv#~ poiential
relative to the other zones in the arciwasestablished  and used to allocate the projections
of population and employment. The Delphi process can provide &od results in a short time
kame, which provides the benefit of akelerating  the overall planning process. The Delphi

. pfocess is based on an iterative pr6cess.  A panel of local expeti and involved citizens ,
. participated in the process to reach ;a co&em.  - ’ *.

.

A pilot project.was tinducted  in the bngview,  T&s,  area in the summer of i992
to de the ability of the Delphi process to allocate future growth. The pilot project
employed a three-tiered pro- in al&a&g the tiea’s projected population ad
employment growth (for the year 2015) to 219 trafk analysis zones. Benefiti of the Delphi
process in&de reduced costs to the MPO in bc@&ne  and money; social,$oliticaJ  and
legal admitages of ba& the allocations 6n a pancl‘amsensus;  and the advmta@s of -

kvolving members of local agencies and committees during the allocation process. Support -
- sohe and a useis manllal a& my under development for TXDOT. .\

.

.
The contents of this report reflect  the views of the authors who ark responsible for I’

the op~ons&ZQs,  kd conclusions presented here& T’he.  contents d6 not necessarily
refleti the official views or pokies  lof the- Federal Highway Administration or’ the Texas -.
Department of Transportation.  This report does not constitute a standard;  specification, or, .

. - regulation. Additionally~ W report is not intended for construction, biding, Orr permit ... . pu~o&s. George B. Dresser, -Ph.D., was the- principal Investigator for the project. . * 1. .. .

0. IMP-ATION STAb . *
l.

The process’ presented in this report is intended for use by &an areas with
k/ ’ populations of 200,000 persons or less. It is designed to.be conducted by the MPO or city

.stafE and to reqitire little or: no a&stance  from outside agencies. Software and a useis _
guide are cukently  under, development as a portion of Project 240464235  fi&ied by the ’
Texas Department of Transportation (T&DOT).  The software will run independent of other
programs and will be designed with minimal computer hardware requirements.

I
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‘JNTRODU~ON,  l .

. .

.,
.

.  .

. .c The alloc&ion of future groiw@ is one of the initial &d most’ important steps in
. ’ developing the input data for trip ‘gene&ion models. The allocation of population StlDd

* 3 employment growth has a direct impact o&ravel demand modeling. ‘These anal
_. . . allocations also influena future hid use plans, fkture  inhstructur~ improvements, and ciq.r
., zondg OfdipLiI1ceS. It is important,  therefore, that’aziy method of allckating  fiature gro&h.

. 8 shotild reflect the area’s grow& potential as accurately as- poible. ,
. .-

: \. . ‘- I ,.. -
PROPOSED GROWYIH  ALbOCiYIlON PROCEDURE *.

In an astempt to decrease the .burden on the planning staff in smakr urban areas ’.
which may not ha& the 53iancial or personnel resources to allcicategrowth  usingtradit&al

.. models or methods, an existing techiqye,-the. Delphi pi- was ‘mowed to provide a. .
qualitative measure’ of -an area’s potential’ for growth at ihe tine level.I . A qualitative ’.. . measure of ea& zone’s growth potential was established relative to the other zones in the. ..
area a@ used to allocate prtijections. The allocation of growth. & pr&cited on the.
characieristics,  of. zones which- give them a greater or lesser potential for. growth,..

-. Additionally, the Delphi process can provide good results in a sho&inie hme whkh .. .
-. m-provides  the benefit Of aqlerating the overall planning process..  The Delphi process‘can. e. .

I. bemade availably to c&es  and metropolitan phnirig organi&&  (MPOs)  by the Texas.
. . Dip-en; of Transportatioti  (T-T) in the for& of a package consisting of self-. .

.. . * contained software and a u&s maixuaL . *.

~ .

l IiELPHI PRiCESS-  ANOVER-
. . . . .
. . .

. . .
The Deiphi inqtky techniques were originally developed during the mid- to ,hte ’.

1960%.  by a m df researchers at the hND Corporation Their objective was to .desigm ’ d.. .
. a set ‘of t&hniqyes  which could solicit and coIla& the cipinions of a.@oup  of individuals,

I
resulting in the most reliable .consensus  possik#e.  The basic characteristics of these. . .

, ’Ptechniques  were anonymi~ of the..
. given by the panel members, and.

. l .
.

. .
.

.
.

\
.

..

#
. .

.
.

panel members, statistical obsemtions  of the responses
controlled. feedback to.the  paneL Thh char&t&stics

.
I .

1 . .. .. . .

- . ..
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.

. . .
\ ’ : * \

.

* are iiicorporated  into m iterative process which permits and .encourages  the reassessment

of previous responses. One of the great&t advantages of the Delphi techniques is that they. .
. - pro& a ma -of ‘retaining the more de&able  features of committee meetings while

... . avoiding some of the characteristic behatioral and administrative problckxk  associated whh
-,.

cmnmittees. 1
c The decision to use the Delphi process w based ba these fatures and on the ’

flaiility of the process;’ The Delphi process c& be tailored td fit almost’ any set of. .
&~as. it has beei used in modified forms for m&y different applications &am Sei

.
Grantpolicy  decisions in Michigan in the early 1970%  to. evaluating future hi-y projects.
in New Mexico in 1989.  Whfle the primary goal of the @cess  is to achieve a Consensus,

-

,

it can also 4~used  to iden- issues whicfi may have confiicting viewpoints *and can aid in
‘,

reachiq compr@ses on those issues~ . ..
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PILOT PROJECE  LONdIEW -

In order to more thoroughly examine the pplicability  of the Delphi process to
0. allocating future growth, a pilot project wm conducted in the Longview area The objective ., . -. .

of this pilot project was to allocate the are& projected population and employment grmth\.
f6r the year 2OB to the- traf6c  anal@ zone 1eveL There were the& basic stages to the

.
’/ pilot project: preparation for the DelpG process, admh&ration  of the Del@ process,  ‘ad. ... - evahmtion of the resulti.’  Figure 1 illustrates  the fbw of the imrail Delphi processi  *

..
‘preperehfm~-’

. ... - .
--

.

I ,
I

. .
.

.

3
. . ’
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. DEISHIPROCESSPREPARATION  . r .

.

Reparatiin for the process can be broken down into four major categories:. . selm
panel members, a&e&at@ iraffic analysis zonk, .pieparing in$o&atio~  pa&e& &d

scheduling meeting times and lotions., . The preparation for Itie Delphi process was a j&t
.. . effort between the Longview  city planner and transportation planner (hereafter referred to

.
as the Longview staff) and the Texas Tmsportaiion Institute (‘Ill).

Panelseiqction ’.
’ . .

. ‘Ibe panel selection was the responsibili~  of the Lungview  staff. Recommendations . ’

.

.

. rega&q panel size and background  were made to the Loqview sta& A target panel size - l
,

of 30 tiem,&s wasestablished  with the desired panel being a m~tidisciplinary cqllection.

of imiividuais fhiliar With the-. Longview area. The following disciplines
recommended to the Longview staff as a guideline for .selecting the panel ‘members:. . ..

were .

.

.’_.

0

...
.. 0

.. ‘0

..

Engineers . . **
?l&mers. ..

Elected offi&ls
,-

School officials *
.

. :
MPomeIIlbers  -.

.
Real estate brokers*. -*
Bankers .

Employers (basic, retail, and se&ice) -.’ ’ .
Developers (ammerciil aqd residential)

The Longview s-used several sourcei  in creating a list of potential panelists. The
result list was compiled based on recommendations from the director of planning and

operation, the city planner, and the traqort&on,,planner.  Members of the Strategic
Planing Economic Deklopment  Committee, Planning and Zoning Commission, ad the: \ ,
local Economic Development Study committee-were  invited. to participate on the panel,

. - / s
A list of citizens who had expressed interest and williqness toserve on these and various

. . -. . ... . l *

l . - - 4 ...

.



.

. 'other committees, but who.  had not *been’ selected, was obtainkd from the Longview pblic
. information director. From this list, persons with the reammended  backgrounds  were/.

, contacted and ‘kvi&d  to, participate on the p&eLL In addition to these sources,
*
l *

.

8 representatives from the local ScbOl districts, COuIltJr  COmmissioners, two fotier city council ** ..
t

.

members, a water utility empl6yce, and several local builders and engineers were ask& to.
pkticigkte. -A personal  phone call was made to each of the potential pwelists by @e’ -
Loqview staff to briefly explain the process and ‘the.  expected time ikvoked  and to invite .

-.
theme to- participate. &out 40 percent of those contacted d&lined to serve due to..
conflicting vacations or family obligations. A letter of con&mation was sent to 28 persk

. . who agreed to participate on the paneL Of the 28persons  who aged, to participate, two . 8 .
,

did not atknd the orientatiok meek&or  any of the allocation meetings. The m-&ion/
.

a of the panel is shown io’Table 1. ..

. .

. Tabiel’ -*
..

.
Occupatiok of. Pilot %oject Panel Metiers - . . I ’.

.
2'

. -

I
. '2 l

E@=r - �.�:
'- 3 .

I 1'.

.
.. .. . -5

.. .
. ..

. . .. .
l
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.

. .
.. \ . .. . ... - \

. Aggregation of Trafnb Anglysis zmles
athough the goal of <the grow& allocation process is to all&z proj&ed growth to.

the traf6c an@& zones, the numbqr of zones in even a‘ small urban’ wea would .be
. I ‘overwhelming for a panel of this n&re to deal vvitb. The Longview h@O area (whi&. *

.
includes mal areaS outside the Longview city limits in addition to the city of Long&u) is .,
divided into 219 traffic analysis zones. Foi this reason the MC analysis zones were. .

. aggregated into allomion districts with the desired &nber of ,districts  being between five -’-.
and 10. The’ quantity and boundaries of theallocitiod districts were determined by the. . .
Longview  m tahg into cmsiderationnatural  ge~graphicboundaries,  traf6c am&is zone

. boundaries, mne populktion,~and  emplayment  characteristics, and county and city -
bom&,ries.  A &al of six districts were established with the dim& %oundaries ., d .
c&resp&ding  to zoie bouiuiahs in almost all case%  the uaption being zones which w&e ’.

. . divided by the county k. i ,.
It was decided that an intemediatk aUoc&on  level was reqyired  between the distria .<. .

. -*level and the zone 1cveL ‘Following the initial rounds of the Delphi procee  in which the -
@owth was allocated -to the district level,. a second level was established.  The panel

.
.’..

w iiembbrs were asked to examine each of thi: 219  trafk analysis zones and indicate whether .’ 8

.

there m or was not a potential for c)lnnne in that zone.  Areas were .estab&hed  based on *..
- tk same considetitions  used in creating the district boumiaxies and the responses provide&. . :.

. by the p&e1 regarding& pdtential for change.  Fiv& of the six d&t&s were divided into,I’ .. ,.. . ’ six &as, and the remaining district was d&ide.d*into five areas. This resulted in a total of.. -
. . . ’ 35 areas which the panel’.- asked ‘to consider in the-later stages of the. #races.  ’. .

. .. . . .
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Infoiiimtion Pmvideii to Pan& ’ . .
1 .

. .I
. & order for the panel member+ to be able to use the best possible judgment, it wan.w
-neasmy to provide them with as much Current and historical information as p&iible  with

_ ‘*
.... . ’ regard to population, em$oymen& land use, and projected- populatich  The task of

compiling this information was greatly fkilitated by the fact tit most of thk infokations
was aele on.thq! cieographic  Inform&on Systeti (GE) maintained by Longview.  TIis.. .
infoiipation was given to the panel at the beginniqg of th& orientation meeting. *. .

.
. Historical population and employment figures were presented to the panel in several.

.
formats. A t&e showing the 1980 cc3sus;  population, 1990 census populatio,n,  net &ange,.

: and percentage  change, for each of ‘the six distriw  and the total for the MPO area.was
provided k the Formation packet. Amap was a&o provided showing tie percentage.

change in eackof the six districts to give the panel meinbers  a graphical reference for &cent.
- growth in the area In additi& to the 1980 and 1990 population figurw historical

.
s

population from 1900 to 1990 for each decade  for Gregg Cotity, Harrison County, ind the
. city of Long&w was obtained from the census  data in the.Texas  Almanac and provi&d  in

s
w

the fbrm of a Ii@ graph.
. ...

Basic, retail,  and servia employmeni  figures for Gregg County, Harrison County, and.

the Long&w-~ Metkpolitan  Statistical Area (MSA) were obtain&d from the Texas.
.

. Employment Commission (TX) data in the T&as*Almana~ and presented as line graphs.I..
I ’ i’hese figures rehected  i%9,1970,  .‘1980,1982,1984,‘1986,1988,  and 1990 emplment and . .

illustrated the, ekployment growth trends in the ark Maps were%lso provided for each.. . . .
employment catego+indica~  the locations &i concentration of employment f6r 1990.. .

Po$lation and employment information for the base year 1990 were a&piled by the

Lnngview  staff and provided to the’panel  in tabular form. This table coqtained  population,
-

.
&pie&welling units, median household income, undevelo+d  acreage, and basic, retail,

... and service employmem  by district. The, figures used& this table were’consolidated  Tom.~. ..
.

\

- .

. .

. -

.
. . .

9



\ \

\

. .the detailed traf6c%naly&o~~  information used q trip genera&n variable in tie i990.
. Lo&erir  MPO Fban trinsportatiqn study. ’ *’.. .. , -

.
Although the Longview  staff’had  develop&d population and employment projeAons

I
IW for the .year  2Ol5, the projectioqs  were not Cnal and had not been formally adopted by the .. ..

.

. ci@ Projections for population were developed by the Longview  staff u&g a cohort. *
sunival method.‘Emplo~~nt  projections were then determined using the Lx@ie& stafE,\ / .
powon projection and regional employment projktions  from the ameau of Economic. .I
-y&is and Woods and Poole. hother .set of population and employment projectio& -. .
coqunissioned  by the city and prepared by the comMng firm of Perryman and wates , ’.,

.
was also being com@leted’as the process was beginning. The Peqman projections weft -II

’ received the day before the: Round 2 meeting. Several nhibers of the panel were aware -’.

\

of the Perryman projections and kept turning the &scussion at the meeting- to the
differences between the Longview proj&ioms and thi Perryman  @roj.ectiohs.  In order to. . * ’ . . s

’ k&ep the &ess  moving smoothly, a s&ion &s reached which appeased  those  few panel
memks  without compiomisingthe  integrity of the process. Since the’ figures for population

.

,and employment for the year 2015 had not been formally adopted  by the city’ and MPO;. -
b&h sets of figurei were used. These figures were&esented’to  the Delphi panel as a’high ,.
estimate (develbped  by Pem and. As&ate@ ahd a low e&m&t&  (developed by the
hgview m’ for population and fbr basic, retail, aid servia empi&nent

.
. During the’

course of the Delphi pr&ss,  .the population projections developed by the Long&w staff. . .l
were slightly rev&d.  The allocalions made prior to the revisionswere  updated to reflect. ..
the revised projections. The revised proj&tions and allocati&s were cairied forward from

.

. .

_ \ .. .. .
.

Base year land uqe, future l&d use, and related zoning information.were included..
in the information packets in three different  table and wall maps were available at ‘each. .

. meeting for the panel to use as references.. One table provided detailed info&on by.. ... . ... . . . . . 10 .. .. . .. . ..
‘4.  . . .

. * . .
.

. . .
.

/ * . .

.
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.

.

. a
.

. . :
. . . district for base year and Wure land use. Two &iitionaI  tables. provided zoning.

requirements and zoning classikation by’distric~ .
..

&ring a prehninary meeting vii& the Longview .staff on May 7,1992,  the decision.
. was made to co&&t weekly Delpti’panel meetings at 7:OO  PJIL on weekdays; An

. .
. orientation meeting was held on June 4. It had been estimated that-six to ei&ht meetings

. w&d be nee to complete the process wh&would result in the meeting schedule
. continuin& though My. / The meeting day varied eom week to week. .

ineetiqs of the city council and other aaxmittees and a limitation on

. DELPHI PROCESS METHODOLOGY.
The Delphi process as ‘modified for use with growth allocation consists of axz

due to conflicthg-
available meeting -

. . introductory meeting, four to eight meetings where panel members coinplete  questionnaires.
. and exchange information, and an evaluation@eeting.  Figure 4 illustrates  the questionnaire

. and aUocation  nietethodology of the growth allocation process. Beginning with the sexond
e round, fkedback-is  provided to the panel regarding the responses and Wults from the ’.

-. . previous round. ‘kanel members dre’given the o&~ortunity to review the inform&&l ad..
revise their responses. if they wish..  & a co&e- & reached at. each allocation level, the. .

I..
’ process  advan& to the next allocation level, and the’irocess  is repeated. ; . .. . .I -. . .. .. Although the panel members are responsible for establishing a @tative  measure

l ..
for the growth pciiem of the districts and areas, they.do not directly determine the growth

aiIocation$  The growrh tiocati& are made by the agene conducting the Delphi process’
based on calculatio~~~  made using the panel responses. In the hngview pilot projecf all
calcuMions  during the questioknaireportion  of the Delphi process (showninside the dashed.

. area in F@e 4).were  akpleted  by TI’L The piocedure  used for maEng the aUocations
are diksed  in a later section of this repoti ,..

. . \

.
. -. .. .. . - ,I1

.. ..
.

.
.

.

.
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. . -Questionnaire Format . I *

.Duing the coupe of the pilot prOject,
-used Some of the changes in forZnat were

, informatioti as the process progressed. Other ,

. c

\

.

.

, .

,
.

.

several different questionnaire formats were
made ,in aider to obt& responses on II-
changes were made in an attempt to simplify

the questionnaires in respoe to panel comments on the format df the questionnaires.  in- ,
making theses changes, great CaTe was taken to ensure  that changes were not made between -

. similaf rounds in the prom which might b@s the panel resp6nses.  These  changes are\ .
detailed in the following sectioas.

.  . .

. .. .

.
l

-3 �

I .

the orientation meet&was primarily to acquaint the panel witi tie *
Delphi process and’to
land use information,

.
The only infor&itin

.
clistiiiute the phkets containing the population,  ‘employmen&  and .’
Therefore, few panel responses were solicited d&g this meeting.

.
obtained from the panel during this meeting was.  biographical

background information. ’ , . .

During the. first two rounds of the Delphi proceqthe .panel  was ahkeci to consider. ‘. 3. .

growth potential for each of the districts is the Erststep in &locUing thehture  grow& .., *
’ Pa&l ‘memkrs were first asked  to provide’ a s6Kevaluation of their familhrity with the...
Jaagview’aiea  using thi followingGale:.

I. .
. . 1) u&lniliaq. Y *

..
* . .

The

5) ExpertorA&velyStudying  .

same scakwas .used  throughout the questionnaire each time .the  panel members were
. . . ..

l

.
.

.
43

- .

. . .

. .. .
.

.
.

. .
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.



. . asked to evaluate their f&@iarity  ~&the given issue. . l

.

. The first round ~estionnainnaire  was divided into four sections: population giowth*.
.. 0 potential basic employm?nt  growth potential, ret&l .employmeq growth potential, and I.

. semicb employment growth potentiaL Panel members were &st a&ed to rate the
.. importance of 13 fktors which might influence growth in one or all df the districts  usiag *e

, following scale: . /

. 1) Little or No Impo~ce  .
. . 2) Minor ~portance.

3); Considerable Importance  ; -

.
.

4) V e r y  Greatbportana

The panel menibers  yere also Gked to rate their f&nilMty with we factors.  The goal of
.

: asking the panel tiehers to rate the factors was to gather information on the&perceptions
of w@at iqfluences grth an& more’importantly,  to ljut thi panel members in a hme of b.

.- mind in which they would ansider what  facto&  actually affect the growthpoten&i,  ‘rather
than giving an arbitrazy’qr  “gut’ respons.& when rating each district’s growth potenti&

. . ’
*-Each sectiog then required the panel metiber to rate the potential for each type of

I . * growth (Le., pop&ion  and basic, &ail, and Se&e employment) for each of the @x
disticts ,using the following r&ng s&e:

;
.. .

.

.

. . .

f

.

.

.
.

. ‘4) 10% o r  G~eater’Decreise
.. \ 0) Stable (No change). I ...

. . 3 10% Inaease
. . 2) 2S%Inaease

. .’ 3) 50% o r .  Greater  I&crease .

Thqpanel members were also asked in each section to rate their famiiislrirv-with each type..
ofgrowthiathat~~~and.torankthedistricts~o~lto6witharankingoflbeingthe

. .
. -.. least likely to grow and 6 be@gthe  most likely to grow. The purpose for this ranUg was

.’ . . . .. /. . ‘I7. . . 14. . .. .
..

.
.

. .

. .
+ . .

.* ... . .. .



. 4

.

:

. to a& for the we basic information regarding growth potent&l  in a di;ffertnt format in. .
. o&r ‘to provide a means of verifying’ that the panel &embers, were interpreting the*

Following the questions ielating to the potential for growth, the pane! members were
&ed to make’s judgment regarding what level of growth activity would-occur during each.
of three project&n  timk periods: 1990 to 2000, 2000 t6 2010, and 2QiO to 2015.  The .

fobwing scale ws used to evaluate the level of activi~
. . *

.

, \

a 1) Decrease. .
, 0) No Growth - ’

.
Slight Growth

.
1)

\

,2) Moderate Growth l

,1.
3) Considerable Gr- ’

.. .
The levels of growth during each time period  which were ca&ulated from the responses tb.

. this qyestion  were compared to the, actual htemedhte  projections’ devbloped  by Ihe.
. LongviewstafE’ ..

I Space W also provided on every page for commenis. Panel members were pro&d.. :. .
\ iwith space in e&h sectioil of the questiestionna&ef  the factqxs which might i&hence. I..

growth and encouraged  to providk additional  factors.  These. additional factors and.

comments were used to stimula~’ discussion k the next meeting. * . . .
. .

.

* The Round 2 Questionaaire format w essentially the same as the Questionnaire used. .
in Round ‘I.’ Format changes consisted of -the removal of the questions dealing with the
factors influeking growth tid the distrkt rankhgs and t& a&ion of the feedback  from *

the Round 1 responS& Feedback was ‘given tci each panel member in the fork of panel
high and low responses, the niedian and mode of -the panel responses, and that panel.

membe&previob responses. Space was provided to allow the p-e1 meinber to&vise the. I

previous response and to make any additiona’  comments..
A new section w& also added asking the panel mexribers to ihdicate which tia&c

analy& zones they felt had no si@cant potential for ch&e (either poskive  or negative)... .
.

15
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. -
. -

Thiiinformation was used ig conjunction with other chara~eristics  of the zones to establish
the arei badaries for allocating growth within each d&t&& .

. . . Each pan~i &ember was also providdd wit& an information packet containing the- .
.. quantitative allocations and growth distriihutions over the 25year time period (1990 to 2015) /I

calculated by TII using the panel’s qualitative responses from Round 1. . *
. l ... .

f Growth at the Area Lcevel
.

\.
.. After two rounds of qyestionnaires  at the diStrict keel,  a consensqs was reached; &nd.

the panel was ready to prosed  with the area allocations. Based on timme& made by ’
.. some of the panel members at the end of’the-Rowid  1 meeting, aid the fact that the time -

required to’&nplete  the R&d 1 qyestiotie exceeded the.time originally estimated,  the. . .
de&i& was made to change the format at this level of the pro&s.  The format of the ,

. questions remained basically the same, but tie presentation  of the questions was Changed.

A map of each distict showing the artibokiaries in that district was placed ona 8* . .
. . separate page along with the questions perta&g to those arks. A map of the Lnngview

area showing the relatk location of cach’district  was also placed on tach page. This
. -

fomt provided an immediate visual reference for the panel memberswithout having to use
additional maps. The questions regarding the pot&ntial for the four types of growth in the. .

I areas were worded the sank as in previous rounds, and the sake rating scale was used.. *... 4 second section of the Round 3 questionnaik presented  the allocation distkiiibutions. . -.
. . .as a perentage of total calculated from thk.Round 2 responses Iand asked the panel .... ., .

S.. . members to either agree’&  disagree with the allocation percentages. In a w&e panel ..
. members disagrekd.with  the percentage. for a district,  ghey were asked to indicate Whether

. . .
it should be higher; or lower than the value gikezt  and to i&cat& another distrik  .wh&h

shou ld lose  o r  r ece ive  theresulting d i f fe rence .  * ’. ..
The Rotid 4 questionnaire wasvirtually  identical to the Round 3 questionnaire. The

only sign&ant differeke was the addition of the feedback from the prior round showing
the high and low panel responses, ‘the median and mode of the panel responses, and that ’

. panel metifs previous  responses. The p&e1 members were again allowed to compkre‘.
.. their previous responses to-the panel responses and to make any~cs tkywished. They :\. *. * II ’ - - . .- . . .’ . .

l .
. .. 16* .
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,

. were also-provided with revised-dimict  allocation Percentages  and &i&d if they weed or.L . .

* . During both Round 3 and Round 4, inform&n packets were provided to the paqel. .
members with the questionnaires. These information packets contained the most current

c revisions of the growth zillocation calculations made by TIT based on the panel responses I
from the prior round. . ’ . .

f Growth at the Zone bvel .

.
After reviewing&e  results of the Round 4 questionnaire, it Was  apparent that.

panel had reached a coqsensus’on the allocations at the area level. The a&&ion to\ # . .
traEc analysis &e lqel Was petiormed  by the Longview stafE  taking into consideratibn- .

the

the

the,1’

aele land in each area’s  zones and the fuaue land use plan for the city of Lmgview.. .
The ad@e(i results wer.e  then aggregated back to the area and district levels, and maps

* . showing the amqunt of .&w&at  the area level were prei&d  for each of the four growth .

.

.
categories and for total employment. . . ..* . .. .. ’ ..

.

. The Rotid  5 questionnaire was designed. to alloti the panel t6 evahrate the overaIl .. . . * .
. . process. Panel members  were provided with an information packet containing Enal *.

al@cation figures an@ percentages in tabular form at both the district and zone level; A
I

. * presentation of the.Bnal  allocatioti wai also &de to the panel using the maps showing tfie .e. .
amomt of grotvth fdr @I of the four categories. The panel was &ked  to evaluate  and.. .- .
comment on items such aS the effectiveness of the process,  the types of questionn&e. * .

’ formats use& the informati& packets provided to the ‘pa& the meeting fkgat, the ’
<meeting schedule, and &e M alllo&tions..

. .

MeetingFor& .
The basic format for the

the entire
* possible.

.

.

\

. ..

Delphi process panel meetingS - cOnsisten! throughot.
meeting s&edule. In all cases the meetings were intended to be ti informal as
The meetings were structured to begin with an ovemiew of the goals for that. . *

. .
17 I. .- , .
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.
. - . particular meeting @lowed by an open discussiOn by, the paneL. Information pertinent. to

- that romd of the process was presented, the information packet for that round wasa.
* reviewed, and disc&ion was encourage& The questionnaire format fir that meeting was. . ,I / .

then ~outlined,  and the remainder of the me&g was de’voted to responding ,to the
.

questionnaire. . ..

.
The first meeting with the panel Gas the.mo& formal of the meetings: Introductions

. * \ . .
.. were made by the Longview sWE as well as a pr*ntation to the panel on the transportation

.
1. planning process and the necessity and difklties in allocating future growth. An overview ,-. .. of the Delphi process and the panel objectives were then presented. by TII The Longview

stafE  distributed the information packets and explained the contents of the packets; this was
followed by an open discu&onC  The panel Aemhcrs Were informed of the meeting

’ e

scheme; and the-meeting ended with closing comments by the Longview iti.
.

.
, .

.’ Meeting.fonnatsfor  the growth allocation  rounds were: es+ially the same. An.I
. mosphere of informal@ was provided in which panel members felt free to ask questions. ..

.

or offer comm&nts at any time and also to move &bout thkneeting rooti for rekesbm&ts ’i. or to ask qyesti&s  on a one-to-one basis of either the tingview  or TIT staff. Each meeting
begi with an explanation  of the iaformation packet for that round followed by an open

. - discusio~~ This was followed by an dveiview of the current ve@on&aireand  the feedback.
. . provided from the previous round results. The pan4.

time as .they reqbired to’ complete the questionnaire.
L.

.
the Panel

.
members were then given as much .

The format for the final panel meeting followed the Same pattern as tie
questionnaire medings - presentation and @en discussion followed by the completion of

the questionnaires. However, after the Snal allocations were presented,
.

considerably more discussion than &prior meetingi
.

.
the overall prmss and the qu&ity of the allocations

. .. .. . . - 18
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. P~oassmG  ANI6 EVALUA~ON OF RESPONSES : ’

. The following sections detail.. the steps and decisions involved in processing the
.. pestiomaire.responses  and calculating ae’growth  allocations. Panel responses during each.II e. .. of the gestionnaire rounds provided a qu+lit@ve measure of relative growth pot&&L

. .nese qualitative responses were then processed by TII following each round to obtain
quantitative values for relative growth poiential which were in turn used to all&ate  the total

- growth.  Ail c&ulations and datamanipulations  were p&formed by ?II &ingsa series of j :.
. spreadsheets. Spreadsheets*were  used to processthe pilot project results due to the ease..

\ with which format and caladatiomhanges  can be de...
.. r

O r i e n t a t i o n  Meeting l

Due to the nature of the orientation meet& no c&&ions  were necessary.
’\ Rocesshg  the responses from this meeting consisted of compiling information provided by

the paneL’members  on the biographical backgrotid  sheets. Each panel member onthe List. .
l was &en randomly assigned a number from 1 to 28. This number was used on all

. .
subsequent questionnaires and feedback to &ure the anonymity of .each panelist.

..

. ..
. l Abcatio~ofGrbkhatDistrictbvel - ’ l . . . ‘. .* . -

/-

‘. During the+ first Tao rounds of the Delphi proce~ the questionnaires ‘ionceniratedt .. . .. on the allocations at the district levtr. Table 1 shows the allocation of projected population. . . .
. . and employment for athe ycar‘2015. cahlated from the ianel responses following each

.
,\ .

round.  $Ble 2 shows the same &cations as 8 percentage of the totaL Panel‘ responses.
for Round 1 a&Round’2 were in the form of a growth potential rating for each ciistria.

. . The following p&&s was the initial method used to .determine the projected growth.r.
distriiibution  at the district level following the first round of the Delphi pro&.

‘Step 1 The arithmetic mean. and median were calculated from the
.

responses,given,by  &e panelists. These two values were averaged.
to reduce the influence of any extreme responses. . .

.
I . .

.
. .: 19 ..
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/

(t3.412) + (0). = -l 706 8.
2

l

l

Step 2 The po@tion for the base year for @I district was incresed orI
.. I decreased by the percentage obtained in Step 1.

16,991 * (1 +a,(  -0.017Q6))  = 16,701 ’ : - :

Step 3 ‘1 The c&Wed po@ations  for each of the districts wqre &ed ’
8 to obtain an unscaled projected  population..

. .. .

0.  l .
. . . . . . &48 +7914 + 10,416  +31,301+  i8,597 + 16701  = 98,777 ,. .

. .  . ..  . .. * : -. . . . : ... .
Step 4 The calahted population and the projected popuhtion were used .. \.. .I I to $caJe the populations for facfi d&rict  using the’ foUowhg..

CdCllkiOIK .. .
.

.

.-\ . . . , .. . ..

.. .
... .. .

. . ,
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,.,

* s&ep5, The growth of each district was calculated’ using ‘the following j. ‘
equation:*.

. . .

18,183 - 16,991
. , ’ - 16,991  .

* = 7.02% -6 *

. .

‘.
# .

Due to conchs from,the panel that the growth in some chiti should be negative, .

the method was.r&ised  to allow the scaled values to be p&We  or negative based on the

. responses of the paneL The revised method was a@plied to the Round 1 responses here for .
.

the purpose of cocaparison & used in Round 2 and all subsequent calculations. An..6 ,asterisk  f * ) is useid to in@icate changes to the i&i&l calculation method.’ , *
e

. .
step 1 : The arithmetic

. *.
. responses givenI

rnw and median were calculated  from the . .
by the panelists. These two vahes were then f . . . ..

. . averaged to reduce the-infkence  of any extreme responses.
‘.

.’

\,
.

. . d
. .

- Round 1: ’. . ..
.

t . . (-3.4w + (0) = -1;w0I .. . 2 .. . ..

. Round2. . . . .
I

(-1.882)  +(Q) ;+)~~. .’
. . 2

..

21
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step 2 . The .population  ,for the b& year for each district was then ,
increased or decrcsed’  by the peiantaige ,obtained in Step 1. ’ ’..

l

Roid 1: ’ ~ . . / . -.. .

16991. + (1 + (-0.01706)) = 16$01 . *,
f

Routnil 2= . c
\..

l&p91 + (1 + (-0.0&1)) ‘A 16&l.

I \ l

step‘3 The c&ulated  popuhtiok for each of thekiistricts  were’ summed, . \
to obtain an imscaled* projected.population * ”. . ’

-.
- Round 1: . .. .. .

’ 13,848 +7,914+10,416+31,&l  + 1839 + 16,701 = 98,777 ’ .

. .

8

.

.
.

. ’ . . ..

� Roti2 - ; � l . �. .

.

.

13,716 +7,949+ 10,36i2 +3&291 +a19,#74 + 16,831 = 99J23 %L .. .. . ,. .. . . . .
.

.:

w.

Step 4 ’ ne net change was c&&ted  between the calcula?ed  population
’ projection’ and the, base year population for ea& of the disiricts ..
‘and the total, . .

.
.

.
I

.-
a .

.

. 22
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.
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* Dim& 6: ,.. . \ Round 1: .w
16,701 - 16,991 = -290 .J - . ... . *

Round2: ,’ ’ ’

16,831 - 16,991. = -160.. .
. TotaL ;. .

. * Roirnd 1: .
.

.
,. 98,777 - 89,610’ = 9,167 .

. . .

Round 2= .

99,223 - 89,610 = 9,613

i step.5 The iet change h cilcuked between the total projected
.

population and the base year total population

. UJ7,5j9 - 89,610 = 17,929 - . _
. .

. .
..

* Step 6. . The net change to reach~ihe  calculated populations  and the nit *. ... ihange to reach the projected population were then used to scale. . -
’

.
-the~populations  for each district u&g the following @culationz .. . .

_�  l � .
.

Round 1:
..

-290 *‘17,929 = -567 .* .. -9,lsl. .
.

. c. .
. . .

* . .
.

.
. I

l .
-23

*

.

. .

*
.

I

i
.

.
.

.
c .

.
.
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.

*

..

Romd2: -.* .‘..,. ..
-160.. *17=9=-298  ’ ’ ’
9,613  , l ’ , .

Step 7 I The total projected population in each district was calculated by - -.
I~ . adding the- scaled change in districi population to the base year

.

Round 1: ..

. 1-1 + ‘(-567) c 16424
. -2 .

Round2:.
.

..
16,991~  (-298) = l&693 * .. . .

I
b

Step 8‘ The percept  growth of each district was the& calcplated  using the

16,424 - 16,991 +
. 16$91 -

‘Round2

16,693 - 16,991 +.. l&991

100% = -334% .*

100% = -1.75%’

.
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. .. - .
Fobwing -Round 2, the meah of the panel responses from the two rounds were.

~~mpafeci  using az siatistical test to determineifthe  means ‘were statistically dif$rent”The -.
means of the panel responses from the two questionnaires were statistically the same.for  a- .
confidence l&e1 of 99 percent. This statistical rpsult along ki@ the fact that the p-e1
meml&s would. Ml &. flowed to make ad@stments  to their responses for thb. distrkt -

. growth potential prompted the decision, to a&axe the process to the. next level. . .
.I .

As a part of the Round 3 and Round 4 Questionnaires’dealing  with growth allocation
at the area level, panel members  could also agree”or  d&agree  with the allocations at the

. .
district level derived from RoundS  1 and 2. Where a panel member disagreed with a district.

.
.

allocation, they Were asked to ii&ate whether that district should have a larger or smaller -
allocation adwhich other district should be adjusted in the opposite direction That panel. a

. member% previous round ‘responses for the affected districts were adjusted by one! rating
level in the appropriate dire&o& ihe’district  alloc&ions were precalculated,  ind the new ’. ,

. .

allocations were carried forward. As *the. Egires  -presented in Table 2 indicate; some. ‘. .
. changes were made, to most Of the district ahcations in all categories during Round. 3.. .

Follhing Round-3,  the panel agreed with the ahcation of basic employment and retail. .
emplayment,  and no further adljustmentj  wife made to those distkallocations.  ’ However,.
there were ‘&till some minor. changes. made to the population and sezvice  employment  district.
allocAtions. Although adjustments were made d&ing ~okis 3 and 4, these adjustments.. . . .
were reiatiskly minor as indicated by the small &an&s in petcent  of total from’ one round .. . :..i * .

. to the na The largest change in percent df t&l was .only ‘23 percent, and all of. the- / ’ ’. . .. .
remaining changes were less than 15 perceat. ’ . ’ *’ 4. ..

.. . .

.
-2s ..

.. .
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Table2 ,. 1 . ’

Comprkon  of District Allocations Following Each Round ‘of Delphi.

POPULATION

BAhIcmrPLoYMENT .
.

.
. ’ . .

2 ’ - 417
‘3 -t
4 -%7=
3
6 2433 .

.
. . , . .

I .
. .. 26 ’
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. Table 3. .- . . Comprison of DistrictAl~cations Following Each Round’of Delphi

As Percentage of Total ,

. . PoPlJumON

1
- 2
3
4
S
6 -

172
lg.0

. BAsxcEMPmmENr .
.

la7
549 *
48
4.7

IO.7
343
4s -,
4.7
153

2
3'
4

* 5
6

lL7

sol .
49
Is9

lo.7
s9

l 48
4.7
rsa .

Round2
4.0
33 b
93

f Adjustal
. 4.9 I 43

33 .
93

3L7

2
3
4
S
6 -

. 2
3
4

. 3
' 6.

. W
7.7
203
264.
353

a

.

.

.

\
. 9

,

.
. .

. ’ ..
.

* . .
. . .27 . . ...

. .

I
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Allocation of Gmwih at. Area Level .1 ..L ..

. - I Rounds 3 and 4 of the qpesti&naire  process concentrated on the &cation of growth.
.. . at the area kveL The procedures used in processing the’ r&ponses  for the district..

allocations  from Rounds 1 and 2 were used in processing the responses for area allocation,. .
Calculations were made by ‘ITI using the revised method of converting the responses to an
actual allocation, and-the means were tested ~tiitically following Round 4 to determine

. - if ‘there had been a sign&ant change .between  Round 3 and Round 4.. When no apparent
statistical differences

advanced to the next

- leveL

A&cation cpf Grcwth at Zone Level

were found between
phase,  the allocation

Round.3 and Rotkd 4 responses, the prm
Of the areapwth to the trafEc ana@is zone..

..
. -.

It was felt that the large number of zones in the urban area would be too tedious and.
ovetihelming  for the panel to deal +vith iri the context of a meeting atmosphere. Also, it
was reasonable  to assume thatthe panel members would not be a~ f&milk  with spe~Ec..

..
zones’ at that level of detail as with areas and districts on a more general scale. Thttefore,

l .
.

a&cation of .& growth kom the area level to the traEc an&l@ zone level was performed ?’
by’the Longview it&& Allocations it the area level’were distributed to the zones in that

. area within the constraints of a&le land, future faad use plan, anckexpected  densities.a.
.. The panel allocations were &st considered at the arti leveL If the growth allocated to that

. &a could be absorbed by the zones in that &a, no reductions were made -to thai arta.,
If the growth a&cafed to that &a could not be absorbedby  the zones, surrounding areas. .

. . , . were considered to’hetemine  if the excess growth chid beshifted  to those areas. In the.
. event that the growth a&cat& to the areas in a givendistrict tiuld not be absorbed by ihe. .

- - ’ afea~ h that district, the adjacent.areas  in the adjacent districts were considered as possl%le

targets for the excess. l
,

As shown in Tables 4 and 5, some minor adjustmenU were’necessary  in allocating.
the growth to the zone 1eveL Excess growth allocated to District 4 and District 5 was shifted.; ., to Distict 1 and District 2. ‘Table 4 shows the comparison-of the panel all~tions  and the ... !. . .. . .... .28. .. . .. . .. I

.
\ .. ,. .-* . .

r

. .

*.
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.

. ’ adjusted  a&ions at the *&strict level. The percentage of djustment tanged from a.
. deaease in .Di&ct 5 of 3.2 per&t  to an inaease’  in District 1 of 6.8 percent  T&.

. . ‘di@erence  in percent&e ‘of the total projected population ranged hm a M&ion hi
. District 5 of 0.7 percent to an increahe  ‘in Dislzict  1 of 1.1 percent. The conclusion can be

. made that the change in percentage of total at the area level and.the district level is a more

relevant measure of the impact of the adjustments made to the panel allocations than the
.*’ .m percent of raw adjustment. This is illustrated by ‘the results provided in Table 5. As. .. \...

. indicated by the Egures in Table 5, tie percentage of adjustmtnt  between the panel
l .

- . allo&on and the adjusted allocation ranged from a redu&on in Area 2 ti Distict 5 of 10.4.
. ‘percent ind an inaease  in Area 5 inDistrici 1 of 193 percefit.  However, when the change _.

in percentage bf total district population is an&me& the percentage  change ranged fkom a ..

reduction of 2.6 percent inArea 4 of District 4 & an inaease’of 2.9 percent in Area 1 of,
.

.
District 4. The areas exhibiting the largest positive ad negative percentage of adjustment

*
l (D&&t  l/Area 5 and District’~I(Area 2) m&ted in a change ik the percenwe  of total ..

. ~populatioa  in those areas of only 13 percent and -0.9 percent, reqktively. The largesi
po&ive and negative effect on the allocations in terms of the change in- the percentage ofa .

.
the distiict t&l occurred in Disk& 4. This relationship becomek  even more aptiareni  when I ’

.

.

. reviewed at the d&t&t  level. .Using  District 1 as an example, the adment in population
- . kation resulti ii m increase  of 1,190 persons, w&h is 6.8 p&cent of the panel allocation. .

‘of 17,430. vowevq, t&s is only 1.1 percent of the entire project&  l population of lO7>39 ’. .
. ‘petions  for the year 2015.. This is a. relatively insi@cant change in the overall growth .. .

-allocatioIL * ‘,. * ‘.*-
.

.
.

,

. The comparison between the panel allo&ions and the adjusted allocations for basic. . . . *.I
. and r&ail employment as @en inTables 4,6, and 7, provide additional support for using. .

. of this techni@ek .the growth allocation process. ‘In distributing the basic aad retail
employment growth,  the panel allocationS  were completely compatiiible with the constraints.. * . .

,
. imposed at the district 1evel;‘no  adjustments to the d&t&t allocations were n&de& At ibe..

area level, some minor shifts were required within the areas in District 5 for retail. . .
- .employment.  These adjustxients  were not a direct result of excess  allocation to these a&s, ,

but were instead due to the fact that new retail developnietit had alreadyb&gun  in Area 2 -. .. . .. .
. l .

.
l .

.
.
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-& Mea 3; and the panel allocations were not sufkientiy  large enough to reflect this growth

A similar situation occurred when distriiuting  the arba allocations to the zone level.
. .for semi- employment. Due to the concentration  of semice  oriented businesses in District.

.

. , 6 co- mainly of hospital and medical’ practicq as well as banking &nd govemmckt
offices, @e growth allocated to this area I&S increased slightly from the growth allocated *

. by the pan& The )+ijustment was made by reducing thy semice employment in District 5
by 300 jobs and allo&ng~those  300 jobs to Area 2 in.District  6. This reallocation  of 300. . * .

4 jobs amounted to on&l5 percent of the total semice em$o)?nent  projection of 19,480 for
- ..

, the year 2015 in the Longview MPO area Some minor redistniibution was also macJe among/ .
. the areas in-District 5 and District  4. The msults for the Service employment ~alloc&ion  ‘be ..

giveninTables4ami8. :

Evhation of the Pmcess  by the’Panel .
.

Folluwing the alWaG& to the zone le*e& the Delphi process procckded  to the ,@ml..
l -.phase. Although .not necessary to ‘the allocation of future grow& the evaluation . ..

. questionnaires was considered to be an important phase in the pilot project because. it

‘h&d the panel members  to providk information which my be used to refine*+nd *
i

improve the process.
. .

. .. . * a . .
.

.

.s

.
.

. .
.

.
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.
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.
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. T a b l e  4
. : hnpris6~  of District Allocations Before and After Adjl stxnents  ,*

mls I.
% 1990

Mjmt Mjnsmaeai  %ofTotri:
‘w#)  I;ii~~:5,:i~~:iiii:.~~:~:~~~~  l&o. . . . . . . . . . . . .-.-.-.a.....-.*.. . . . . . . . . . . . . . . . . . . . .

110 l2 7s
0 OS0 11.4

478 -Is - a7

Adjisttd  Diftin
I%ofTomi  %.ofTd

1 i4g99
2 7,ols'
3 1OJn
4 fs,=
5 a=
6

Taarl 1 89,610
SmalAat  Vdm

%ofTuai  3iffiii
%OfTOUl %afTotri

9so 9.0- 0.Q
147 - 147 01)
349 - 549 0.Q.
48 *, '48 w.
4.7 _ 9.7 .w.

,159 1 Is3 -a0
loa0 1 100.0. 1 0.0

4.7% 4.7%. 0.0%
34.9% ,* 549% 0.0%

l990.
%cbfTopl

9.1
99

* s33
43
4.7
175

-1oao
' 4.7%
333%

- 2ols
% Panel

Adjustmeat  ,%afTm hflbtal
a0 52 43. .
0.0 3s. 3b4
0.0 102 92 *

: 0.0 3l2 d23'
~ 0.0 ) we6 -* 3l.7

0.0 203 l&4

.2ols
Adjusted
%ofTd

43%
34 -
93
32i
3L7
l&4

%ofT&.
0.0
w
03

: 0.0
w
0 .

1
2
3
4
s*
6

wlooI

--Ems 1 20s I.
l990’

%ofToaI
-Panel
%ofTotd

. 96 Adjusted DiEin.Adpsmmt  Mjnctmr?rrt %ofTopl  %ofTti
-1 0 ALQ &4 85 85 0.0

2 0 0.0 20. 13 L9 04.
,3 0 w 9.i .78 ) 7s” ok0
4 0 ' 0.0 173
5 217
6 41.0 . 34.7

Toti& 15852 100.0 100.0
sziz -59% 20%

.. 4.4% ILo% 33% 362%' ls%
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. Comparison of Population  Area Allocation Before and Af;er Adjustments ’ ’. .

kea
i-

2
3
4
5
6

19m
%dTod

81
'l9.Q

Mjmt

0
' 0

-2. 1
I.2 &a M 91w 10 -* L7 195 283 244 a l
-3 la% &=A= 0 0.0 227 * l94 19.4 * 42d
4 l&l w *lsrt 0 . a0 'xl 162 140 * 42

*5 316 626 a6 0 0.0 73 66 6s 4-l
6 614 t%s  66c- 0 omo. se7 7.0 69. 4-l

'Topr(7m8 9sl 19m 1110 1 12 lW.0 loao 100.0 a0

1
2 *
3
4
3
6

. . .

*
61 1 t$u- 2J69 2369 0 - 0.0 14.1 ' 14.1 a0

*2. 43!t ;4lr 409 -10 . -24 26 27 27 < 43
3 lss '’ 174 174 0 0.0 Ll Ll Li 0.0

-4 1oJM &738 8m 8 0.1 56.7 s6m7 0.1
-5 2lm w 22% 7 03 l38. 149 I 149 a0

93 103 10s . 10s 1 0.0 -I
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.. ‘Table6: ‘.
.Coniparison df B&c Employment  Area Alloc;rtio~~~  Before and After Adjustments

2 1 137 148 148 . 0 a0 .6b9 .63 63 0.0
2 % ls ' 126 0 Q.0. '4s 33 53 a0

* 3 138 149 149 0 a0 7ao ' 63 63 W'
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5 228 304' #)rl 0 w. 429 l29' 0.0
6 s2 209‘ 2w D a0 7.7 83 83 1 0..L
T-1 t98t 132n I= f 0 1 a0 1 low 1 la.0 1 la.0 1 0.0

* a417 2p417 0 20.0 .mlo . . w
* L447 w7 0 120. l2lQ 0.0

.'3- $jl1l JtM ,326 0 I92 192 06
l -. 4. s63 '648 648 0 a0 52 s.4 * 5.4 w

S 67 76 76 -0. 0.0 us' ok. 0.6 0.0.
. . 6 4369 sJ80 3a80 0 AlJl 428 0.0I.;Tomi~WI3 I2D4II2.094~ 0‘ 1 0.0 1 loao I 100.0 loomo~ I 0.0 .

4. 1 l2s . I37 l37 0 a0 a0 oio
*2 252 2%7- 28? ."O 0.0 tss 272 . 272 0.0

3 329 3s2 3s 0’. -w’ 334 333 .s3. 0.0 *
' .*-4 33 2% 251 0 * 080 ,o.o, 'a

. F s 29. w W 0. a0 3a 27 27 0.0,
.jTomIl 978 .I LQ= I trllU I 0 1 a0 1 loao. 1 ;1ooo0 1 looeo .I 08

,s, 1 72 86 86. * 0 a0 75 -83 83 0.0'
2 41 56 36'. 0, . a0 -‘sa s.4 ' 3.4 ,000

*. ,3 18 lt3. 23' 0 .a0 ls 22 22 0.0
4 308' 340 3ici o* '0.0 3z7 329 '329 *4.0

.s 323. 3so 3so 0 '0.0 _ 343 339 339. 0.0
6 174 im 179 0 0.0 l l8s 173 1 173 a0I*Tami( 902 I L= 1 lm 0 . 0.0 laL0 1 looI0. 1 locw ' I 0.0

6 1 242 262 .a2 ' 0, -4Lo‘ *75 *. -7s 7s , 0.0
2 -Is@ .'u@ lag 0 x0 442 ’ 442 442 a0
3 4n 4m 4a 0 0.0 . l3m.7 l3B7 ut w
4 7s 7s 739 0 w 2l.l 2Ll. 2Ll OAi
5 384 T8J 3&J 0 0.0 . 1l.o lL0. lL0 0.0
6 89 .89 89 .>o - 0.0 2s a 25.. w
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.. t Table 8. .m. &qyrison  of service  Employment Arti Albca~ons  Before and After Qdjustments  .’. . .

0.0 100.0  0.0

2 1 l9 19 l9 . 0 . w 6wl so0 54 - w
2 37 44 44 0, w ll.6 . a6 w
3 30 60. 60 0 w . 96 lss lS9 0.0
4 196 zzs* 228 0 090 637' 603 603 . - a0
3 13 '13 13 0 * 0.0 42 25 3s w
6 14 14 14 '. 0 ko 4s 3e7 35 0.0

Toall 311 378 1378  1 o- 1 0.0 la0 m.0 1 loom0 1 0.0

3 1 362 381 38r ' .o a0 2sl 2s2 252 0.0
-2 ass 3x 374 0 : . a0 4x6 a.7 3.7 &o

/ 3 3M - 383 383 .o 0.0 2s2 253 : 253 a0
lid4 188 188 d .o . o.0 I24 ' n4 a0
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6 ls7 167 ,167 0 d0 103 lL1 ill 01)I
,Totrf -1;443 1 ‘la2 la2 I 0 0.0 loo.0 1 100.0 1 loo.0 0.0

4 1 a9 368 -368 0 0.0. 88 9.0 - 9.0 0.0
,.2. 79s x300 u= -1Qs Al :2&o 318 293 * -26 *

f3 lJo4. so 20 37.7 .4L7 . 12
I4 660:. ml .n6 ss 73 233 172. l8S l3
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P~lXIbATTON RATE

.
.. .I .

Although the participatik rk varied from romd to round, the overall participation.
.. s- rate was  slightly kss’than the 50 percent origidly anticipated. . Of the 28 persons who

. _ ,.. &reed to participate in the process, 12 persons (43 percent) responded $0 4 to 5 of the ’
questionnaires, 6 persons (21 percent) responded to 2 $0 3 of the questionnaires, and 10
petins (36 percent) responded to 0 to’ 1 of the questionnaires; These percentages suggest

: that in order to have responses kok 25 to 30 persons d&q each round, the target size for
..

the panel should be 60 to 70 persons. Based on amments provided by the pane1 membena.
_.. who returned tke;valuatuation questionnaire, it is possible that some of the eight panel 1..

me&n Pvho did not participate after the’&st  two .roh may have’beeri  bewildered by -. ..

,

the amount ‘of information provided to them and’ by the kngth of the Crst  two.meetings..
Revisions made to the format of the qwstiomaires during thk later rounds of the proas _.

. siwcantly reduced ee”duration  of thk meeting, This would likely ‘risult  in a higher.. . .
I overall participation  rate in finure applications of the Delphi proctss.  .If the assumption is .*I

made that 50 percent (fbur) of these persons w&ld have’  participated @a total of 4 to's
.

rotids of the process, the participation rate increases to 57 percent.  This Gould lower the
target .bize of the initial panel to 45 to 50 p&sons.in  order to receive an averige of 25 to 30.

.
.. responses in each round of the process. This is a more”praitical  size for the ptiel both *

1 ‘b&m the. standpoint of’seating  a panel of quaBed individuals and of administering the
.

,;’
-

.

,..

.
RESqONSE  OF LOCAL GoVERNMENTANDC~MMITTEES

Follo~Q the.‘- meeting of the Delphi panel,’ the rcsults.of the growth allocation  a I
. . process were’ l presented to the IMP0 Technical Commik;” the Plaming ani] zoning

.
Commissidn, and the MPO Steering Committee. The responses of these groups were
impoftant in evaluating the usefihks of the process as a tool for developing’alloaions ’...
whichidl be accepted by the political b&es involvkd in the p-g pmck Reaction.
to the allo~tions  may also be viewed as an indication of their level of confidence  in the. .. . t .
growth alloiations. ., ..

. ’.
..

. . .

. 9 .
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The first group tb receive a preientation  of the growth allocations was the MPOe.
.. Tad Commit& This committee is bnposed of persons whose jobs are related to

. .. the pkming. and implementation of transportation projects liad whose expert&e  lies in ’
l

transportation  and planning. Although they have no formal policy making power,  they are
responsible for making recommendations  to the MPO Stiering Co&&et  which does

.
determine’poliq.  One of the members  of this committee served as a pan61 member during. .*
th6 growth allocation process. A presentation of the rest& was made to the committee by

’
the Longview  staffi Du& the meeging the committee &embers  wereyery  positive toward

. -
the process and-the  results. At one point following the pr*ntation, one of tie a&&tee -
meni& who is a Longview tiv official made the suggestion tI@t the allocations be adopted .-’
for use in other ciq~ and uti&y planning processes, ~JI addition to the transportation planning . _
process.. , .

’ ’ .’
.

’

/
. ’

J%mi&g and Zoning Commission - . - ’

’ A second presentation  was made to,the Longview  Planning and Zoning Commission.
’

Althou@ the commission would not be making any formal adoption of the allocations, it
’

’ ’* ’ was important for this group to accept the akcations since tkgrowth  allocations,Md use8
plan, and zoning map are all relate& Two members of the commission participated in the

’
.’ ’ Delphi prkss and were veti positive ti thek responses to tither commission members. -. .’ -.’. ’ This gives support to one of *the goals .of the process:, by’involving .members of krious .I’’\

-. b&lies involved in the piking process .in the allocation of futture growth, there’& be ‘..
support for the allocations later in the approval stages of the plan&g process. The overall’, .: , ’* .

’
response  to the process and de result@ allocations Was oncei again very positie. .. . , ’.

\
’ ‘. -The Enal presentation of the growth ‘allocati&s  was made to the h@O Steeling. .

Committee. This group is responsible for setting policies related to transportation in the
MPO area and k comsed of elected officials from’the mu&pal&s included in the MP6

.. . ad Longview city officials from upper levk mar&ment’ positions, su&, as the, city.. .’ .’ . ._ .’ .. .* . _ ’... . . 37 .’’ I ’e .. ’ ’.’ ’\ . *’’ m’ . ’ . ’I\ *.



. manager, city planner, and dirkctof  of pgblic works. One member kom this committee.
served on the Delphi pan&L As in the previous presentations, considerable inwrest in the
procesi  and a strong’~ositiv~  reaction

’
’

~presentatioxi  by the Longview’ st&
born the axpinittee was expressed. *Following the* .
the committee voted tiIwmouly t o  a d o p t  t h e  -

dloaions. .

,.

’

.

.

’

. . ’ .

.
’

a
. ’

.

.
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ADJkNTAGES OF THE DELPHI PROCESS ’ .
. ’ .

There are se&al benefits inherent kin the design of the Delphi process. The most
important benefits relate to costs to thk MPO  in both time &d-money, the social, poli@cal,

’

. -
and legal advantages of basing the. allocations on a panel consensuS; and the political

l �

advantages of, involving members of local agencies and committees during the allocation ..

_ *
. TXME dD COST SAViNGS AND ACCELERATION OF PUNNING PROCESS

Since the Delphi process is not a compker model, it do& not di@ay aq of the* c
problck inherent in the models or modeling process. Of the benefits. provided by the,.,
Delphi process, perhaps the most, apparent are the time and Gnancial  sam due io itsI

. speed and &pli&y.  When using computer models for growth allocation, the model must
be caliiiikated  for use in the specific  study area This caliiibration process normally reqizires. .
the servia of a consultant for many months to prepare the model for use, followed.by the ,..
actual modeling for the area,.res&ing in considerable  ,exper& for the local- MPO. In .

. . coxtr&t,  the Delphi prixess-can be condwted~  th6 local staff in a per&l *of two to three.’
months or less,  thereby eliminating the expense and ,timt associated  with the computer ’. I

. -modeling pro& ’ Also, the fact that the goal-of the Delphi process is to achieve a. .
co- mea&hat the Delphi pqcess &uld be ksidered  to be a Mkaliirathg’ .. , .’

. ,: ’ pkcess. ‘I&e time saw provided by the Delphi process.over  a computer model will&’
’

’. - . &I$ ‘area to area but II~U probably save six months to a year Or more. In areas where it..
is desirable to cckplete l the phning process within the period ‘of a political term, the .six .

’
months saved using the Delphi process could mean the difEerence between .approval  or.
rejection of &plan.. . .

.

The previous growth allocations used by the MPO were generated by the Loqview.\.
’ staff overa period of tbree’montk Althou@ thiS is only one month longer than the t& * ’,

reqyired for the Delphi process,‘it  still required ksiderably more s&E hours than the.
Delphi pre. Most of .the time spent during the Delphi process is not due to the awl‘\

. time reqyired  to conduct,the  meetings and process the responses; it is due to the decision,
. r. . .’ 39 * . e. .

I . . ’ .

. .
.
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.-to ‘flow one week‘between  meetings and due to schedw problems which prevent the
&@s from being held more frequently. Conceivably, meetings could be scheduled twice .\4 . I *.

.’ .. per week, and the process  could be’complekd  .in appr&ely half the time.,  However,
. .. h’ . it is likely that it would be diEcult to find persons who would be able or willing to devote

their time twice e&z week to participate on the pant1 . I’. , .
0

PANEL CONSENSUS REGARDING ALLOCATION§. *. *I . .

..

.
l Another advantage of the Delphi process is the reiiance:  on a -@oup consensus .to .. .

.obtain  a @tat6e measure of the relative growth potential of differ&t areas of the MPO.
area and to estimate the futture gzvwth allc&tions. While the strength of computes  models -

.

is their ability to process a large voiuume of input data and eventually obtain growth’
allocation one of the m&t attractive  f&Jures  Of the Delphiprocess  cannot be incorporated. ..
into a computer mode1 - the human f&toti The experience, perception,  intuition, and ,

@dgment of people -with more subjecti& issues in the area su& bs likst$q poliq.. .
l

. issues, and other factors too numer&s to list or even adewtely ident& is a be&fit which
.. .. should not be oveerlooked,’  TheWeraction  between the panel members and the exchange

.. Of ide& allows the panel t0 reach a much more informed consensus than would be poskiile.. . .. -.- for one or two individuals, This rest&s in panel input wbich*is more responsive to local.-
: socialandpoliticalissues.  :’ . 0:. w... .. l * On the leg&de of the equation, it is generally much e&q to support Sgures  w&h. .

are the r&t of c&i input rather than the decisions 6f &MO  6~ t&et meibers of a local..
- sta@  if tie figures are ever chall&gti

. .
It is a gneralEy accepted legal ta& that one of the.

best ways to d&r&it a project or policy decision is to discredit the numbers  on which that ‘.
,

project or de&i& is based. Where  communi. .. ty izxvolveqxent  caa.be  shown in establishing. .
the numbers on which policies are based, a stiongk foundation is

. decisions rcsukng  from those policies. - *
seated for projects and

.

INVOLVEMENT OF%OCAL AGENCIES AND COMMITlEES
.

.
L Perhaps one of the strongest

. involve members of local agencies..
..

. .. l

.

.  .
. .

\ .
.

.

.

.

advantages of the Delphi process is the opporh&y  to
and c&&tees  which must at.some p&t adopt or . .

40
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. *. .approve  the allocatioti or plan. By inviting these committees and agencies to &p&t a. - ..I
committee member to participate as ti member of the Delphi panel &ring the aUo&tion e . .*

l .

.

@row a bond is &&ted  with that &enqi or comMtee.  Later in the pianning process,
when the gr&wth &lhcation ok plan is b&fore that body’ for approval, the participating
member will most likely be an a&ocate  of.the  allocation of: the plan since that individualc

. was directly involved in determining the allocations.r I& f&t, the panel member &ill probably. .
l
have kept the a&q or commime informed of the. progresS and reSsults throughout the

.
. �

. allocation process, and obtaining the appyal may be nothing more than a formality.
. This was indeed-the  situatiqz  in the Longview pilot project. The MkO Technical. .

Committee appointed one meniber from ihe committee to &ticipate  on the Delphi pane4 - -.

.

the Planning and Zoning Commission appointed two members, and the MPO Steering - .
Committ&e appoint&d One member to the panel. During the presentation of the Enal ‘.\
&ocatio& by the hgview stafE  to these groups, the members who had paitidpated  in the .

.

,

Delphi interjected numerous positive remarks,  and the responses ftom the grotips  were very’\
positive. De m Steering Committee voted unanimously to adopt the growth allocations.
obtained during &.e Delphi process. - ..M

‘In addition to the previously mentioned appoint&es  from local &dies and members I.
-of the commuiity who were in&cd to. participate on the panel, several other local... * ..

. - committees a~otited members to the paneL. The- Strategic. Planning Econoniic  . . ’.
.. DcvelOpment Committee. (formed by the ciq of higview .to.‘stCiy  transp6rtation  issues. . .,. * reki to econnokic development) appointed’fourmembers  of their co&&tee to participate.- ..

. - in the Delphi process. . Anotoaer  tiv’ sponsored  commitiee, the S6utkide Economic 3.
Development. Sandy Steering Committee, appointed one representative to the Delphi panel.
who did not participate after: the Round 1 meking. ‘The director of the Chamber ofL .
Comcrce,  Who gyas also formerly tIie director of planning for Longview, particigatd h a

.

of theDelphi meetings. Two other members  of the Delphi pane4 althou& not currently. ~ ‘.
swing on &ny committ&s, had formerly sewed  on the ciq council and as members of.the
Plannhgandzoningcommission. ._. . .

.
.

.
\ . a . .

. .
.

. . .
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. EVsUATION BY THE *PANEL. . - l . .

.
Res&s.of the panel evaluation indicated an otrerwhelmjngly positive response to t&

. .piocess. Of the, 14 panel rkembers  who :completed  the Round 5 questi&naire,  seven had
i.

participated  in every-meeting five ha’d participated in all but one’ meeting, and the ,~o

remaining panel me&xrs had ,pticipated in fewer than three of the previou meem..
I

. The I2 panel memb&s who participated in aJl or most.  of the mee- felt that the process
. .”. had beea effective in obtiining agd conveying the& opinions to the city s@E and that their

. partkipatio~  as citizenson  the DeIphipanel  had been an effect+ means of communi&ig.4 - .
information to the city staf& The respo&s&om the two remaining panel members were -,’
split on these issues; one gave a positive response agreeingrith the rest of the panel&i
the other gave a negativexesponse  indicating +at the process and the inv&vement  of ’

I citizens w&s  not effective. The response regarding the meeting format Was  also very positive
with all btit one of the 14.9anel  members indicating that they thought the meetings were.-\ .r’
pro&&&e and effective, In evaluating the ~estionnaire  formats, the majority of the panel .

. , . members felt that the format used in the third and fourth rdunds  Was  the betier of the t&o.
f&as. Of & the questions asked in the evaluation, perhqs the most important was

. ’
whether or not the panel members felt that the. allocations xalculited using the p&e1 - ’.
Wponses  were an-accurate  reflection of the paael’s  opinions. ’ In answ.er to this question,

. the overall response of the panel wad&t  they agreed t&t the allocations~were  an accurate
reflection of the panel% opinio*. Of the eight panel membek who’ complete the s * ’. .
ev&ation questiorm&e,‘no~e disagreed-with the allotiqs.

. .* ..* . \ . .. .
.. . .
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, -RECOMMENDATIONS  . : -. .
.

. I

.

. ’I Several importa& modScations  resulted tiomthepiiot project. ‘The mo.st  substantial.. . change in the process was implemented  during the pilot project. Panel members felt that .
.

*
the Round 1 qyestionnaire  was too lengthy. AS a result, the qyehonn@rcsfor  Round 3 and ’ ’
Round 4 were streamlined considerably. A recommendation for hture applicaths  of ‘the - ..
Delphi probes is that the format of the questiomzaires  should be kept as. simple as possiile.”

. . A scknd iecommknded change is to adminhter a.brief questionnaire during- the.. .
.

orientation meeting ashg the panel members to consider the factors affecting the different

.

&S of growth. In addition to reducing the length of the Round 1 questiohnaire,  this would :.L
. seme to prime the panel and sthilate -the panel to begin think& &out  future growth in.

the area prior to the Brst round. The open discussion at the beginhg of the *first &nd ,. -.
would like&be more productive as a result. .

The third recommendation-resulting  from the pilot irojeci  is to use a target p%nel ..
size of 45 to 50 members. . This, combinei  with. . .
format, should resulf -in a better  .participation

round to round.

the changes to shorten
rate a& therefore, a

t h e  questionnaire0  ,.
largkr and .m&e ..

CgnsisteW  sample size from
. .

. ~ . ..
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..
As with any cckputer mod&l used to a&ate future growth, the only true test of the. . ,.- .

allocatinns generated by the Delphi procee are the actual growth ,pattems over time.
However, due to the time aind ihancial  savings associated with the Delphi process .md the

.speed with which results can be Qbtained, the Delphi pro&s can be utilized as tiequently. .
as needed to update and maintain hire growth akations~
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A LEtiT TOTAL COST’APPROACH TO COMPMtE  IVHS,,LAND  USE,
!vIANAGEMENT  AND MULTI-MOhL INFIWSTRUCTURE ALTERNATIVES ’

P

. . Patrick DeCorla-Souzal AICP .
. I Federal Highway Administration

WHY A LEAST TOTAL COST APPROACH?

The new environment for: transportation planning in t& 1990s presknts al challenge to
planners and decision makers in evaluating multimodal. “alternatives. The Intermodal
Surf&C: Transportation  Effkiency Act (ISTEA)  of-1991 provides new intermodal funding
flexibility. Also, ISTEA requires consideration of efficiency, social, economic and
environmental factors in the evaluation .process.  The Act’s emphasis on “management” calls
for development of procedures that .allow - com@risons across a variety of alternatives
including new services, land. use and demand ma&gem&t aS well as ,high capital’
investment-type solutions. Additionally, ‘the Clean Air Act ‘Amendments (CM) of 1990
emphasize j vehicular demand management. as an important strategy to reduce -air pollutant
emissions. Future evaluation procedures will thus need to: (a) give adequate consideration
to economic efficiency and social and enViron&ental. impacts;. and (b) be capable of allow@g
comparisdns across modes as well as across a variety of high capital and’  low capital or
management strategies. . ’.

In the- past, Metropolitan Planning Organizations (MPOs) have usually compared.
,@z&portation ‘projects using measures of effectiveness which are uniquely applicable . to’ a
specific mode. For example, measures of highway project effectiveness commonly used are
-improvement in highway level of service (LOS) ‘or highway speed, reduction of highway -
accidents or savings. in highway,user  costs. Transit project effectiveness, on the other hand, .
is usually measured by transit ridership -or public capital and operating costs per new rider.
It is likely that Intelligent. Vehicle Highway System (IVHS)  projects will also ‘use different
rheasues  of effectiveness, depending on their modal orientation, If IVHS projects or
programs.. benefitting different .mod& ,(e.g. highway solo-driver, highway shared ride or
transit). are to be compared, with one another or with other types of *investment or.
management strategies, common measures of effectiveness will have to be us&d i.e. measures
applicable across modes, .and across supply-enhancing and demand-reducing .strategies. 1

.. ..

The least total cost approach uses a common mea&e (i.e; total cost) which is applicable
across all types of alternatives. It attempts to account for the full costs of each alternative. .
The main advantages of this- approach are: (1) It allows comparisons of transportation
investments across modes; (2) It allows compariSons of major investment alternatives. (e.g.
new highway or transit capacity). with management alterkatives  such as new or improved
services (e.g. using IVHS
smtegies  which moderate

I
.

. *.
e

.,

technology), pricing strategies, land use strategies and other.
travel demand.

1 . .



i
: The least total cost approach ‘facilitates  accounting for costs of competing highway-oriented. .

and transit-oriented IVHS projects in a comparable manner. 1 For example, in current
pra&ce,  when computing costs for transit alternatives, analysts  include ‘vehicle capital and
operating costs I and co& for garaging the vehicle. On the other hand, analysts  computing

- I the costs for highway travel may include ;the  variable portion of vehicle operating costs ‘such.
ai costs for gas and oil, maintenance ‘<and tires, but exclude the fixed costs such as vehicle .
ownership costs and parking or garaging costs at each end of the trip. (Note that, in the
long range, vehicle fixed costs and parking fixed costs are avoidable costs i.e. they are not
sunk costs to be ignored).. , For valid comparisons across modes, ihe full avoidable ‘future. .. . costs of each alternative will hatie to be taken into account, not just costs incurred ‘by
‘transportation  agencies for capital investment and operation. Public costs incurred :by non-

* transportation public agencies (e.g. police, fm, court systems, etc.), fixed private costs (e.g.
auto ownership costs), and external social and environmental costs cannot be ignored. From
.a societal point of view, it is irrelevant whether costs .&e borne privately, publicly or socially.

.

.

In a least total ‘cost approach, user benefits other than satisfaction .-of the basid need for
access, for example comfort and, convenience advantages of a particular modkl altemati+e,
need not be excluded. ‘User. benefits or “amenities” can be included in the cost totals as
negative c&s if they are qtitifiable and can be converted to monetary terms.. Some user
benefits and disbenefits, as well as some external costs and benefits, cannot easily be
converted to‘ monetary terms. They may be listbd with some measure of their magnitudes
for use in trade-off’ analysis. . For example, a break even analysis could be done to determine
how much additional benefits  from a higher total kost alternative ‘would  have to be worth
in dollars in order to’ ma& decision makers indifferent between the higher cost alternative
and the “one w\ith the le&t total cost. I m

l The base to which-alternatives are’ compared in current practice also poses ‘a problem. In.. .I ‘.‘cuirt3nt practice, the ‘base used for comparison is usually a future year “do-nothing”; or “no-.
build plus Transp&tation System Management (TSM)” alternative. Benefits of the
alternatives are calculated based on savings with respect’ to -the base: However, the savings
‘estkates  will ,not be real if the base itself could never ‘exist in reality, which is often the

.- case1 For example, before the large . delays ‘forecasted under base conditicns could ever
B occur.; it is probable. that fravelers would’ change their travel patterns (either traveling at.

different times of, the day, by different modes, to different destinations, or by different
routes); or they may even decide not to make the trip. It is therefore probable that benefits

chime& for alternatives by comparing them to’ the *base are inflated to some extent. (Note.
that travelers do suffer losses in overall utility when-they are compelled to shift their travel.
patterns; .however,  the increase in travel times modeled under the typical base year scenario
probably overestimates their-utility losses.) . - . .m * . . .....
The least total cost approach .as applied i this pap& embodies the following major features: ’ ’ ..

1 . A comprehensive accounting is made of the fd costs of the current transportation.
system as well as the ‘future  alternatives, to the. maximum extent feasible. User I’ . . , m. . .-. . .. .. * 2 *. . . .- .. \ . . .. i



... .
.

.

benefits or external benefits in excess those for the least total *cost altemative are .
. . included as negative costs for he* remaining alternatives.

2 .. me effectivene&  of alternatives is measured using a common measure which.. :
l1 describes the chief “deliverable”  of an urban transporhtjon system i.e. access.  The.

. .8 measure is person trips served, or -the ability of alternatives to accommodate * the.
bture increment in demand for trips. Where policies to shift persoti travel demand

t . to teleco&m.uting,  walk or. bicycle modes are to be ivaluated,  it is assumed that walk
\ and bicycle trips as well as “eliminated”  trips from telecommuting are ‘.included in&e

total of trips accommodated. Each alternative ‘is assumed to be capable of providing -
for the increment in demand for access,  but at differing incremental cost, reducing
the problem to one of finding the least total cost alternative; . . . . .

3 ..

. * .
Incremental costs of alternatives may be calculated relative to a real base, i.e. the

‘existing system and its travel demand,’ @erformance  and cost. l

.

4 . Major investment alter&ives oriented to any mode cti be compared. Also, they
can be compared with alternatives which involveno differences in public investment,.
but only policy differences (e.g. land use plan and zoning changes, trip reduction j I
ordinances, and parking surcharges). I . . ’. .I - .

. 5 l - . Increm&al cost per added trip may be computed by dividing the incremental costs . . .
above the current year costs by the increment of ,trips served above the current year. .
trips. This measure. clarifies. the true costs .of growth..

. . . . .

.
APPLYING THE LEAST COST APPROkCH . - .’. . ..

. - The apljroach is. demonstrated in this paper through application to a- case study .using  a. ~
, . simplified microcomputer-based spreaaheet  (LOTUS 123).  . The focus of the case study:is. .. * . on com$arison  of land use and -MIS strateg‘s.* . .A previous paper presented acase study .

’ application of the approach focusing on evaluation of major transportation . investments (8). ’. ,. . .

. . Unit costs of travel ‘dif&r depending primarily on &wo variables: (1.) time of day e.g. peak L.
. or off-peak; and (2) type of trip e.g. personal travel for work, personal travel for non-work

, ., purposes, or freight travel. These two variables can be used to categorize travel demandt
into six travel markets. The case..  study application ‘,focuses  on, the peak period work.. . (person) travel market.

, All. costs for providing’ access are included in the evaluation of costs for accommodating
future trips, whether or not the tripmaker bears them directly. Costs may be categorized

’.. based on whether or not they. have market prices. Market-priced costs include dollar costs’
‘, . . .

. .

3
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borne privately by system useis arid publicly by ttansportation or other agencies. Market-. , . .

.
.

. priced costs may be categorized ‘as piivate vehicle costs,  public transportation system. Costs,
highway facility costs .and safety and ’ security costs'. ‘Costs which have no market prices

. include travel time co&, environmental costs, pain and suffering components of accident
. costs, and other social costs such as CORUIIU~~~~  disruption. They may be borne by system

users (e.g. travel time cosEs) or ekternally (e.g. environmental costs).  , -3

8

Dollar value estimates of many of these costs may be found in the literature, as indicated ’
in Table 1.’ However, there are other social’  costs for which it is unlikely that dollar values
can be, developed -- they. will simply have to be listed with estimates. of their orders of .
magnitude for consideration in trade-off evaluation in the .decision-making process. t
Examples of these impacts are: national defense imilications for. protection of oil sources,
community ‘cohesion or disruption, community pride, aesthetics, accessibility .6f

-disadvantaged segments of the population, loss of cultural, historic, recreational and natural , .
r&sources, loss of open space and depletion of nonirenewablc energy resources.

.
,

,- ,. .
Cost parameters used in the application example ‘presented in this paper are based ori vai’ues
shown in Table .l, with appropriate adjustments as presented in Table 3 for IVHS
alternatives. The adjustments  account for cost increases due to MB technology (both
publicly and privately borne) and cost savings from reduced accidents and reduced needs. ’ .
for new highway lanes. More ‘detailed methods for calculatiori  of costs could certainly.I
provide ‘more accurate estimates of’ costs.. The pUrpose of the example is simply to
demonstrate how the approach may be used in real world situations, and not to provide
‘deftitive answers about the cost4kctiveness of the alternative evaluated.. ~ .

.. . .

The basic, -process for computation of costs is indicated . in Figure 1. The .process  relies.
heavily on output from the four-step travel demand modeling process (9), both for the base
year condition as well as for future year alternatives. & Figure I indicates, the outputs
from the travel models needed for input into the costi@ procedures are the following; for
each grson travel ‘market: (1) person trips by mode- (from mode choice); (2) travel’ miles
(from trip assignment) by mode - person miles of travel (PMT) on transit line-haul. and
transit access  modes, as well as vehicle miles of ,travel  (VMT)  on the highway system; and
(3) travel minutes .(also from trip a@nment)  by &ode. As Figure 1 indicates, the travel
measures output from the travel models .are input into cost models which provide unit cost
parameters ’ for&e various ‘cost components. Unit costs may be i=Osts  per trip, per PMT, per
VMT or pr minute ‘of travel time, as indicated in Table 1. ’ * .. . .
The case study urban area was Washi.&ton, DC. ‘A previous study (10) provided model.
output data.’ In cases where needed travel parameters were not available from ‘the study
report, national averages from the Nationwide Pksonal  Transportation Study (NPTS) were -~
used (11). The Washington, DC study involved analysis of the systemwide  travel and

. transportation - system impacts of two
2010.  $ The fmt alternative (BAL)

m . employment . growth, both regionwide

alterziative urban developmerit patterns for the -year
.promoted  a closer balance between housing and
and within individual ,“employment  growth” subareas.

1
’
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.

.. .

within the region. The second alterriative (CONC) maintained regionwide ba
- housing and employment as in the frst alternative, ,but concentrated employ

ante between
me’nt in areas

with good, transit service and significant levels of transit use at the job end of the work trip.
The study also provided .a base model run for 1995. To demonstrate the .application of the
lea&t total ‘cost ‘approach with MIS alternatives, two new alternatives were developed bv
the author. Both built up.on the concentrated (CONC) .altemative. The first alternative:
IVHS(S), assumed use of only supply-enhancing IVHS technologies such as technologies
which smooth the flow of highway traffic, provide priority to transit vehicles, provide real-q
time information to highway and transit users, provide new services , e.g. single-trip
carpooling, and enhance highway and transit safety: The second alternative, II&IS(D),
added to MIS(S) by managing demand through pricing mechanistis for peak use of
highw.ays.

. .. n. . L, .
.

. ’

The travel data and results of the cost analysis are. presented in Table 2. A comparison of -
total costs which were calculated by the spreadsheet * suggests that the concentrated (CONC)
alternative has lower total costs than the balanced .altemative  (BAL). Based on the liberal
use of cost and travel demand assumptions for IV&S by the author, the IVHS(S)  scenario
could save about $400,000 daily in aggregate mobility costs relative to the concentrated
(CONC) sce&o. For .the IVHS(D) scenario, the savings would be about $Wmillion daily.
Public agency costs (for highways and. for public transportation deficits assuming a 40%
farebox recovery rate) would be about $244,QOOloWer  daily under IVHS(S)  and $3.4 million - .
lower daily under MIS(D). ‘As indicated earlier, the cost totals . include only those cost
items included in Table 1, and exclude some *non-monetizable  environmental and social
costs. Many of these costs are primarily ‘related to auto travel. Since the IVHS(D) scenario
involves.. much less auto - travel than the . other scenarios, additional savings in non- -
monetiiable environmental and social costs may be expected..

.
l

.
. Table 2 also indicates that, while providing mobility currently costs about $5.90per  work trip

(including ’ all cost items listed in TabIe l), the *cost per new trip added by ,201O willbe
. significantly higher ‘under all future altematives except for IVHS(D). Average’ cost per .

added trip amounts to $10.35 under the baian& scenario, .$10.03  under the concentrated’. s&nario  and $9.54uder  ‘the IVHS(S)  scenario, @t.only $3.OOunder the MIS(D) scenario. ’.
. .

Note’ &at *Table  2 includes aline’ item for “negative costs”. These are the additional user .
benefits for the’ BAL;CO~C and IVHS(S)  alternatives relative to the. IVHS@)  alternative, 1
reflecting primarily the consumer surplus enjoyed by single occupant vehicle (SOV) drivers
who are toiled off by the IVHS(D) alternative. This consumer surplus is calculated by
multiplying the number of .SOV drivers tolled off by half .the tolls they would have had to a
pay. The MIS(D)  &&native is assumed to cause ‘shifts of SOV drivers to othet.  modes
only, since work trips are not very likely to shift out of the peak, periods during which tolls
apply due to limited flexibility of work start and end times. (Note  that there may be some
debate as -to whether the consumer ~surplus lo&es suffered by tolled off SOV drivers have
already been accounted for through the higher travel times on the HOV and t&sit modes
which are included in the “positive” cost totals. The excess travel time costs incurred by... -.* . I .. .. . . 5

..
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.

SOV’ drivers who shift inodes may need to be subtracted if their .consumer surplus losses are.
< ’ ’ included as negative c&s. The spreadsheet has not been set up to do these‘ calculations at

.. this time. ) ,. .*..

CONCLUSIONS ..
.

This paper has explained the theory in support of a ieast total cost approach to comp’&e
. transportation investment alternatives .across  modes, and to compare significant changes in

management and land u s e  policies. The approach .is based on assessing 3 the relative /* .
.. economic efficiency of alternatives by ‘determining which alternative involves the least total.. cost for providing access for various. travel markets. The approach has been demonstrated
. through application of a simplified analysis technique using a LOTUS 123 spreadsheet.,

- Results from the analysis have been presented for demonstration purposes only. The
_- application of the approach to the c&e study suggests that the approach can. be a useful tool

.. for comparison o’f multimodal investment,
alterriatives.

IVHS,, management and land use p&y1 -.

-
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- C o s t  Comwnent- _. *
.

l  , *Market-Piiced  Costs:

Vehicle
Tat ion

. Ownership
Parking - Downtown

- Other.

IHighway . .
Oper.  & Maint.  - auto.

- bus
Added capacity - auto

0 -bus

’

Public Transportation
Bus system - line-haul.

aeder *
Subway system.

.
Safetv  & Securitv

. .
. .

Public services - auto
. ’ a- bus.-a ralr

Accident (market) A auto
. - b u s. .. -Gall *

.

4

TABLE 1 .- -

EXAMPLE UNIT COSTS

.

U n i t  c o s t
.

\

‘Source *

. Costs With No Market Rices

Travel time

. Environmental

. Air pollution ,
’ Water pollution

No& _ ‘* -
- . - Solid/chemi~  waste

Oil extraction
(Subto@

. 7.4 centsNMT
$ 3.12/trip
$3 .Oo/trip
$ l.OO/trip

1.8 cents/VMT
2.9cenWVMT .
62 centskddd VMT’
99centsladded  VMT ~

s3.OOkrip  .
$ l.SO/trip
$4.25/trip

,I. 1 cent/VMT
1.. 1 cent/YMT
0.22 cent/VMT
4.2 cents/WIT
8.4 cexitsNMT
1.68 cents/VMT

* .
. $4.5O/hour  -

-.

24 centsNMT
0.2 cent/WIT
0...16  ce&/vMT. .
0.2 cent/VMT
1.5 cent/VMT

446centsMUT

. Accidents (non-market) - auto 7.8 cent&MT
-bus 15.6centsNMT

.
-ml , 3.12centsNMT

Ref. 1 (less 1 cent fuel tax)
Ref. 1 (less act.  insurance)
Ref.1 (plus land cost)/2 trips

l Ref.l.  (plus land cost)/2  trips .

Ref.2  *
.Ref.2,  bus/car eqivalency  = 1.6 -
Ref.2, Los Angeles Plan data
Ref.2, bus/car eqivalency = 1.6

Ref.3, in current dollars.
Ref.3, divided by 2 - - . .
Ref.3,  in current dollars/ ..

l

.

Ref.4, in current ‘dollars
Ref.4,  in current dollars ’
Ref:4, adj. for accxate in Ref.1 . -

. Ref.7 - \ ..
Ref.7
Ref.7  adj. for acczate  Ref. 1

Estimated0

. Ref.4, in current dollars .
- Ref.12

- Ref.4, in current Sdollars -
*

.. .
. R&f.% \ . . .

Ref.3 . ’

Ref.7 .
Ref.7
Ref.7  . ’

.
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TABLE 2

.
COSTS FOR WEEtiAjt’  PEAK PERI& WORK TRAVEL’

..

Peak mxiod travei  data (millioti  Per dav)

Trips: sov trips
. . carpoo1 person trips

. - Transit person trips ..
.

Total. person trips 2.8251 - 3.6354
.Total  vehicie trips 1.825 * 2.453

. .
VMT: Total (incl.bus  and transit access).
Time: Total  (incl. walkand  wait time)

. Peak mxiod travel costs (dollti per dayI

.
Market costs: Auto ($M)

’ Transit’  (%M).
T o t a l  (SM)

Non-mkt costs: Time ($M),. Enviromcntal (%M)
.

w_ . . . Accident (pain) ($M)
.

T o t a l  cuts: T&al +vecosts ($M)- .* Negative costs (!SM)
. Net total costs ..

. _. . Avg. net co& ptr ‘trip
IIlcr. cost per added trip

.. Tramp.  agency:  Total ‘costs (SM)
Incr.iost per added trii’. .

. . . ..

* 1695 - . . 2010 2010 2d10 2010
BASE BAL CONC IVHs(S) IVHSCD)

1.3748  ~1.9308
0.9904  - 1.1483
0.4599 0.5563

19.329.

-69.7967

.

25.931

88.4880

1.8749
1 .‘I751
0.5855

3.6355
2.409  .

25.498

89.1946
.

6.883 13.408 12.964
2.106 2.560 2.697
8.989 15.968 15.662

5.235
0.862
.1.514

.

16.600
.

.
.

5.876

,1.8li

6.637
1.67
2.031

25.791.
-0.804
24.987.

6.873
10.349

6.350
53594

6.69;o
1.137
1.997

25.486
-0:76i, ,
24.724

6;800
10.025

.
6.~7.I
5.373

.
.

.

. 9
,- ..

.

.

1.8749 0.8583
1.1751 2.0916
0..5855 0.6855  * -

3.6355
2.409

25.498

86.2673

3.6354
1.809  .,

19.333 * -.

91.6269  - -e.

.

12.956 .
2.696
15.651. .

6;738 . ,
‘3.166 .
9.904

6.470
is37
1.831

25.090
-0.762
24.328  ’

6.692  *
9.536

5.927
5.071

4

6.872
0.862 -
1.392

19.030
o.ooo * .
19.030  . . .

5.235
2.999

.2;761 .
1.164  . -

.

.
I .



8 ,TABLE 3 .
. * _

.. UNIT COST CHANGES FOR IVHS. . ’
/

. l

,

. .

.

.
. Cost Coniwnent unit cost Rationale . ..

Market-Priced Costs:
.

. Vehicle .I c.
Operation 8.4 cents/VMT . 1 cent added for veh. gadgetry *.

Ownership .. $3.22/trip  ’ 10 cents added. to veh. cost -

Hi&way . .
Oper. & Maim. - auto 2.3 ce&VMT.- 0.5 cent added for oper d .

W’ bus
Added capacity--  auto

3.4 &s/W&T . 0.5 cent added for oper
-56cenWadded  VMT s 6 cents reduced for efficiency’

-- bus 90 &Wadded VMT. 9 cents reduced for efficiescy

Mew’&  Securitv
.

Accident (market) L auto 3.2 centsfVMT
-- bus 6.4cenWVMT  . . .

1 cent reduced for act. savings
1 ,cent reduced for act. savings...rad--. 1.68 centsNMT No change .

. I .
.

.
.

’
. FIGURE’ 1 .

F U L L  COeT ACCUUN.TIhIG - * - ., . . . ., iFUWEL  INi’UTS .\ .
.. .

Land Use. . TDM/Prtcihg * ’ lnvemiment  ..

.

Ttips ’ Travel Miles
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